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MCS® 80/85 Microprf()cessor 
1 
Family 
• 


• 
TTL Drive Capability 
• 
2,...s (-1:1.3 
,...S, - 2:1.5 ,...s)Instruction 
Cycle 


• 
Powerful Problem Solving Instruction 
Set 


• 
6 General Purpose Registers and an 
Accumulator 


• 
16-Blt Program Counter for Directly 
Addressing 
up to 64K Bytes of Memory 


• 
16-Blt Stack Pointer and Stack 
Manipulation 
Instructions 
for Rapid 
Switching of the Program Environment 


• 
Decimal, Binary, and Double Precision 
Arithmetic 


• 
Ability to Provide Priority Vectored 
Interrupts 


• 
512 Directly Addressed 
I/O Ports 


• 
Available In EXPRESS 
- 
Standard Temperature 
Range 


• 
Availlable In 40-Lead Cerdlp and Plastic 
Packages 


(See 
Packaging 
Spec. 
Order 
# 231369) 


The Intel 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip 
using Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control 
and processing applications. 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose 
registers may be addressed individually or in pairs providing bClthsingle and double precision operators. 
Arithmetic and logical instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic opera- 
tion. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out 
stack to store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general 
purpose registers. The 16-bit stack pointer controls the addressing of this external stack. This stack gives the 
8080A the ability to easily handle multiple level priority interrupts by rapidly storing and restoring processor 
status. It also provides almost unlimited subroutine nesting. 


This microprocessor has been designed to simplify systems dElsign. Separate 16-line address and 8-line 
bidirectional data busses are used to facilitate easy interface to memory and I/O. Signals to control the 
interface to memory and I/O are provided directly by the 8080A. Ultimate control of the address and data 
busses resides with the HOLD signal. It provides the ability to suspend processor operation and force the 
address and data busses into a high impedance state. This permits OR-tying these busses with other control- 
ling devices for (DMA) direct memory access or multi-processor operation. 


NOTE: 
The 8080A is functionally and electrically compatible with the Intol 8080. 
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Symbol 
Type 
Name and Function 


A1S-AO 
0 
ADDRESS 
BUS: The address 
bus provides 
th,e address to memory 
(up to 64K 8-bit 


words) or denotes 
the I/O device number for up to 256 input and 256 output devices. 
Ao 


is the least significant 
address 
bit. 


07-00 
I/O 
DATA BUS: The data bus provides 
bi-directional 
communication 
between 
the CPU, 


memory, 
and I/O devices for instructions 
and data transfers. 
Also, during the first clock 


cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that 


describes 
the current machine 
cycle. Do is the least significant 
bit. 


SYNC 
0 
SYNCHRONIZING 
SIGNAL: The SYNC pin provides 
a signal to indicate 
the beginning 


of each machine 
cycle. 


DBIN 
0 
DATA BUS IN: The DBIN signal indicates 
to external circuits that the data bus is in the 


input mode. This signal should be used to enable the gating of data onto the 8080A data 
bus from memory or I/O. 


READY 
I 
READY: The READY signal indicates 
to the 8080A that valid memory or input data is 


available 
on the 8080A data bus. This signal is used to synchronize 
the CPU with slower 


memory or I/O devices. 
If after sending an address out the 8080A does not receive a 


READY input, the 8080A will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 


WAIT 
0 
WAIT: The WAIT signal acknowledges 
that the CPU is in a WAIT state. 


WR 
0 
WRITE: The WR signal is used for memory WRITE or I/O output control. 
The data on 


the data bus is stable while the WR signal is active low (WR = 0). 


HOLD 
I 
HOLD: The HOLD signal requests 
the CPU to enter the HOLD state. The HOLD state 


allows an external 
device to gain control 
of thE38080A address 
and data bus as soon as 


the 8080A has completed 
its use of these busses for the current machine 
cycle. It is 
recognized 
under the following 
conditions: 


• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 


entering 
the,HOLD 
state the CPU ADDRESS 
BUS (A1s-Ao) 
and DATA BUS (07-00) 
. 
will be in their high impedance 
state. The CPU acknowledges 
its state with the HOLD 


ACKNOWLEDGE 
(HLDA) pin. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
The HLDA signal appears 
in response 
to the HOLD signal and 


indicates 
that the data and address bus will go to the high impedance 
state. The HLDA 


signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following 
T3 for WRITE memory or OUTPUT operation. 


In either case, the HLDA signal appears after the rising edge of <1>2. 


INTE 
0 
INTERRUPT 
ENABLE: 
Indicates 
the content 
of the internal 
interrupt 
enable flip/flop. 


This flip/flop 
may be set or reset by the Enable and Disable Interrupt 
instructions 
and 


inhibits interrupts 
from being accepted 
by the CPU when it is reset. It is automatically 


reset (disabling 
further interrupts) 
at time T1 of the instruction 
fetch cycle (M1) when an 


interrupt 
is accepted 
and is also reset by the FIESET signal. 


INT 
I 
INTERRUPT 
REQUEST: 
The CPU recognizes 
an interrupt 
request on this line at the end 


of the current instruction 
or while halted. If the CPU is in the HOLD state or if the 


Interrupt 
Enable flip/flop 
is reset it will not honor the request. 


RESET1 
I 
RESET: While the RESET signal is activated, 
the content 
of the program 
counter 
is 


cleared. After RESET, the program will start allocation 
0 in memory. The INTE and 


HLDA flip/flops 
are also reset. Note that the flags, accumulator, 
stack pointer, and 


registers 
are not cleared. 
Vss 
GROUND: 
Reference. 
Voo 
POWER: 
+12 
±5% V. 


VCC 
POWER: 
+5 
±5% 
V. 
VBB 
POWER: 
-5 
±5% 
V. 


<1>1,<1>2 
CLOCK PHASES: 2 externally 
supplied 
clock phases. 
(non TTL compatible) 


NOTE: 
1. The RESET 
signal 
must be active 
for a minimum 
of 3 clock 
cycles. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output 
Voltages 
with RespecttoVss 
-0.3Vto 
+20V 


Vcc, 
Voo and Vss 
with Respect 
to Vss 
-0.3V 
to + 20V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, Voo = + 12V ± 5%, Vcc = 
+ 5V ± 5%, Vss = - 5V ± 5%, Vss = OV; unless otherwise 


noted 


Symbol 
Parameter 
Mln 
Typ 
Malt 
Unit 
Test Condition 


VILC 
Clock Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 


VIHC 
Clock Input High Voltage 
9.0 
Voo 
+ 1 
V 


VIL 
Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 


VIH 
Input High Voltage 
3.3 
Vcc 
+ 
1 
V 


VOL 
Output 
Low Voltage 
O.4!i 
V 
} 
IOL = 1.9 mA on All Outputs, 


VOH 
Output High Voltage 
3.7 
V 
IOH = - 150 /LA. 


100 (AV) 
Avg. Power Supply Current (Voo) 
40 
70 
mA 


ICC(AV) 
Avg. Power Supply Current (Vcd 
60 
80 
mA 
) ope ••l;oo 


ISS(AV) 
Avg. Power Supply Current (Vss) 
0.01 
1 
mA 
TCy = 0.48/Ls 


IlL 
Input Leakage 
±10 
/LA 
Vss 
S; VIN S; VCC 


ICL 
Clock Leakage 
±10 
/LA 
Vss 
S; VCLOCK S; Voo 


10L 
Data Bus Leakage 
in Input Mode 
-100 
/LA 
Vss 
S; VIN S; Vss 
+ 0.8V 


-2.0 
mA 
Vss 
+ 0.8V S; VIN S; VCC 


IFL 
Address 
and Data Bus Leakage 
+10 
/LA 
VADDR/DATA = VCC 


During HOLD 
-100 
VADDR/DATA = Vss 
+ 0.45V 


CAPACITANCE 
TA = 25·C, Vcc = VDD = Vss = OV, Vss = 
-5V 


Symbol 
Parameter 
Typ 
Max 
Unit 
Test Condition 


Ccj> 
Clock 
17 
25 
pF 
fc = 1 MHz 
Capacitance 


CIN 
Input 
6 
10 
pF 
Unmeasured 
Pins 
Capacitance 


COUT 
Output 
10 
20 
pF 
Returned 
to Vss 
Capacitance 


Typical 
Supply 
Current 
vs 


Temperature, 
Normalized 


~I Supply/~TA 
= -O.45%/"C 
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A.C. CHARACTERISTICS 
(8080A) 
TA = O·C to 70·C, VOD = + 12V ± 5%, VCC = + 5V ± 5%, 
VSS = - 5V ± 5%, VSS = OV; unless otherwise 
noted 


Symbol 
Parameter 
-1 
-1 
-2 
-2 Unit Test Condition 
Min 
Max 
Mln 
Max 
Min 
Max 


tCy(3) 
Clock Period 
0.48 
2.0 
0.32 
2.0 
0.38 
2.0 
/Ls 


tr, tf 
Clock Rise and Fall Time 
0 
50 
() 
25 
0 
50 
ns 


tet>1 
et>1Pulse Width 
60 
50 
60 
ns 


tet>2 
et>2Pulse Width 
220 
145 
175 
ns 


t01 
Delay <1>1to <1>2 
0 
0 
0 
ns 


t02 
Delay <1>1to <1>2 
70 
60 
70 
ns 


t03 
Delay <1>1to <1>2Leading Edges 
80 
60 
70 
ns 


tOA 
Address 
Output Delay From <1>2 
200 
150 
175 
ns 
CL = 100 pF 


too 
Data Output Delay From <1>2 
200 
180 
200 
ns 


toc 
Signal Output Delay From <1>1or <1>2 
120 
110 
120 
ns 
CL = 50 pF 
(SYNC, WR, WAIT, HLDA) 


tOF 
DBIN Delay From <1>2 
25 
140 
(~5 130 
25 
140 
ns 


tOI(1) 
Delay for Input Bus to Enter Input Mode 
tOF 
tOF 
tOF 
ns 


tOS1 
Data Setup Time During <1>1and DBIN 
30 
10 
20 
ns 


tOS2 
Data Setup Time to <1>2During DBIN 
150 
120 
130 
ns 


tOH(1) 
Data Hold Time From <1>2and DBIN 
(1) 
(1) 
(1) 
ns 


tiE 
INTE Output 
Delay From <1>2 
200 
200 
200 
ns 
CL = 50 pF 


tRS 
READY Setup Time During <1>2 
120 
90 
90 
ns 


tHS 
HOLD Setup Time During <1>2 
140 
120 
120 
ns 


tiS 
INT Setup Time During <1>2 
120 
100 
100 
ns 


tH 
Hold Time From <1>2(READY, 
INT, HOLD) 
0 
0 
0 
ns 


tFD 
Delay to Float During Hold 
120 
120 
120 
ns 
(Address 
and Data Bus) 


tAW 
Address 
Stable Prior to WR 
(5) 
(5) 
(5) 
ns 


tow 
Output 
Data Stable Prior to WR 
(6) 
(6) 
(6) 
ns 


two 
Output 
Data Stable From WR 
(7) 
(7) 
(7) 
ns 


tWA 
Address 
Stable From WR 
(7) 
(7) 
(7) 
ns 


tHF 
HLDA to Float Delay 
(8) 
(8) 
(8) 
ns 


tWF 
WR to Float Delay 
(9) 
(9) 
(9) 
ns 


tAH 
Address 
Hold Time After DBIN During HLDA 
-20 
--20 
-20 
ns 


DEVICE 
UNDER 
TEST 


A'S-Ao 


°7·°0 


SYIIIC 


081111 


~ 
ViR 
a, 


READY 


WAIT 


HOLD 


HLDA 


IIllT 


IlliTE 


=F'CY 
--'0,- 
- 
f"\ 
r 
l\ 
Jf\ 
__ t;2__ 1 


-4 
\- 
\ 
~ 
_t03 ...• 
- 
t02 - 
-- I 
-=--1 


-'oA-1 --- 
-- -- --- ---- --- 
-I 
tAW 
_too-, 
- 
tOII- 
- 
toHI-- 
_too- 
_. 
I:: 
+:-~ 
gATA 
1111 
~ 
-J 
AlA 
OUT 
----- 
__ 
--..J 


to:I1= 
'---- - --- 
-f 
-tow - 
r 
1- 
_tos2- 


---- toc1- 
- tocl- 
~ 
~ 
_toF __1 
......,JoF--1 


----------- 
'H- 
I~C - 
------------ 
- 


...I@ Y 
-3..! L 
'Rsl- 
I - 
'DC-I 
'H-II- 
t 
~ 


lOC- 
I- 
'H_ I- 
- J"@ 
~. 
~r~:-- 


-~ 
rf 


tISI.- ~ 


tH-.,- 


NOTE: 
Timing 
measurements 
are made at the following 
reference 
voltages: 
CLOCK 
"1" = 8.0V, "0" 
= 1.0V; INPUTS 
"1" 
= 3.3V, 
"0" 
= 0.8V; OUTPUTS 
"1" 
= 2.0V, 
"0" 
= 0.8V 


07,00 


SYNC 


08IN 


WIl 


READY 


WAIT 


HOLD 
~ 


HLDA 


~ 
INT 


INTE 


==t- 


NOTES: 


(Parenthesis 
gives 
- 1, - 2 specifications, 
respec- 


tively.) 
1. Data 
input should 
be enabled 
with DBIN status. 
No bus conflict 
can then occur 
and data hold time 


is assured. 
tOH = 50 ns or tOF, whichever 
is less. 
2. ley 
= t03 
+ 
trcj>2+ 
tcj>2+tl4>2 + 
t02 
+ 
trcj>1~ 
480 ns (-1 
:320 ns, - 
2:380 ns). 


~ CAPAC 
IT ANCE 
(pI) 


(CACTUAL 
- 
CSPEC) 


231453-7 


3. The following 
are relevant 
when 
interfacing 
the 


8080A to devices 
having VIH = 3.3V: 


a) Maximum 
output 
rise time from 0.8V to 3.3V = 


100 ns 
@ CL = SPEC. 
b) Output 
delay when measured 
to 3.0V = SPEC 
+60 
ns @ CL = SPEC. 


c) If CL = SPEC, add 0.6 ns/pF 
if CL > CSPEC, 


subtract 
0.3 ns/pF 
(from 
modified 
delay) 
if CL < 


CSPEC· 
4. tAW = 2 tCY - 
t03 
- 
trcj>2- 
140 ns (-1:110 


ns, - 
2:130 ns). 
5. low 
= tCY - 
t03 
- 
trcj>2- 
170 ns (-1:150 
ns, 


- 
2:170 ns). 
6. If not 
LOA, two = tWA = t03 + 
trcj>2+ 
10 ns. 


If HLDA, two 
= tWA = tWF. 


7. tHF = t03 + 
trcj>2- 50 ns. 
8. tWF = t03 + 
trcj>2- 
10 ns. 
9. 
Data 
in must 
be 
stable 
for 
this 
period 
during 


DBIN T3. Both tOS1 and tOS2 must be satisfied. 
10. Ready signal must be stable for this period dur- 
ing T2 or Tw. (Must be externally 
synchronized.) 


11. Hold signal must be stable for this period during 
T2 or TW when entering 
hold mode, 
and during T3, 


T4, T 5 and TWH when 
in hold mode. 
(External 
syn- 


chronization 
is not required.) 
12. Interrupt 
signal 
must be stable 
during 
this peri- 


od of the last clock cycle of any instruction 
in order 


to be recognized 
on the following 
instruction. 
(Ex- 


ternal 
synchronization 
is not required.) 


13. This timing 
diagram 
shows 
timing 
relationships 


only; it does not represent 
any specific 
machine 
cy- 


cle. 


The accumulator 
group instructions 
include arithme- 
tic and logical operators 
with direct, indirect, 
and im- 
mediate 
addressing 
modes. 


Move, load, and store instruction 
groups provide 
the 
ability 
to move either 
8 or 16 bits of data between 
memory, the six working 
registers 
and the accumula- 


tor using direct, 
indirect, 
and immediate 
addressing 
modes. 


The ability to branch to different 
portions 
of the pro- 


gram 
is provided 
with jump, 
jump 
conditional, 
and 


computed 
jumps. Also the ability to call to and return 


from 
subroutines 
is provided 
both conditionally 
and 
unconditionally. 
The 
RESTART 
(or single 
byte call 


instruction) 
is useful for interrupt 
vector 
operation. 


Oouble precision 
operators 
such as stack manipula- 


tion 
and 
double 
add 
instructions 
extend 
both 
the 
arithmetic 
and 
interrupt 
handling 
capability 
of the 


8080A. 
The 
ability 
to 
increment 
and 
decrement 


memory, the six general 
registers 
and the accumula- 


tor is provided 
as well as extended 
increment 
and 


decrement 
instructions 
to 
operate 
on the 
register 


pairs and stack 
pointer. 
Further 
capability 
is provid- 


ed by the ability to rotate the accumulator 
left or right 


through 
or around the carry bit. 


Input and output may be accomplished 
using memo- 


ry addresses 
as I/O ports or the directly 
addressed 


I/O provided 
for in the 8080A 
instruction 
set. 


The 
following 
special 
instruction 
group 
completes 


the 
8080A 
instruction 
set: 
the 
NOP 
instruction, 


HALT to stop processor 
execution 
and the OM 
in- 


structions 
provide 
decimal 
arithmetic 
capaQility. STC 


. allows the carry flag to be directly 
set, and the CMC 


instruction 
allows it to be complemented. 
CMA com- 


plements 
the 
contents 
of 
the 
accumulator 
and 


XCHG exchanges 
the contents 
of two 16·bit register 


pairs directly. 


Oata in the 8080A 
is stored 
in the form of 8-bit binary integers. 
All data transfers 
to they system 
data bus will 
be in the same format. 


107 06 Os 04 03 02 ~ 


OATAWORO 


The program 
instructions 
may be one, two, or three bytes in length. Multiple 
byte instructions 
must be stored in 


successive 
words in program 
memory. The instruction 
formats 
then depend 
on the particular 
operation 
execut- 


ed. 
One Byte Instructions 


107 06 Os 04 03 02 01 001 
OP COOE 


Two Byte Instructions 


107 Os Os 04 03 02 01 


107 06 Os 04 03 02 01 


Three Byte Instructions 


107 06 Os 04 03 02 01 


107 06 Os 04 03 02 01 


107 06 Os 04 03 02 01 


Jump, call or direct load and store 
instructions 


Register to register, 
memory 
reference, 


arithmetic 
or logical, rotate, return, push, 


pop, enable or disable Interrupt 
instructions 


intel.. 


In.truc:tIon 
Code (1) 
Opet'lltlon. 
Clock 
~nemonIC' 
Cycle. 
0-, Os 05 04 03 02 01 DC 
Deecrlptlon 
(2) 


MOVE, LOAD, AND STORE 


MOVr1,r2 
0 
1 o DDS 
S 
S Move register to 
5 
register 
MOVM,r 
0 
1 
1 
1 o 
S 
S 
S Move register to 
7 
memory 
MOVr,M 
0 
1 
0 o 0 
1 
1 o Move memory to 
7 
register 
MVlr 
0 
0 
0 
0 
0 
1 
1 o Move immediate 
7 
register 
MVIM 
0 
0 
1 
1 
0 
1 
1 o Move immediate 
10 
memory 
LXIB 
0 
0 
0 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair B & C 
LXI 0 
0 
0 
0 
1 
0 
0 
0 
1 Load immediate 
10 
register Pair 0 & E 
LXIH 
0 
0 
1 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair H & L 
STAX B 
0 
0 
0 
0 
0 
0 
1 o Store A indirect 
7 
STAX 0 
0 
0 
0 
1 
0 
0 
1 o Store A indirect 
7 
LOAXB 
0 
0 
0 
0 
1 
0 
1 o Load A indirect 
7 
LDAXD 
0 
0 
0 
1 
1 
0 
1 o Load A indirect 
7 
STA 
0 
0 
1 
1 
0 
0 
1 o Store A direct 
13 
LOA 
0 
0 
1 
1 
1 
0 
1 o Load A direct 
13 
SHLD 
0 
0 
1 
0 
0 
0 
1 o Store H & L direct 
16 
LHLD 
0 
0 
1 
0 
1 
0 
1 o Load H & L direct 
16 
XCHG 
1 
1 
1 
0 
1 
0 
1 
1 Exchange 0 & E, 
4 
H & L Registers 


STACKOPS 


PUSHB 
1 
1 
0 
0 
0 
1 
0 
1 Push register Pair 
11 
B &Constack 
PUSH 0 
1 
1 
0 
1 
0 
1 
0 
1 Push register Pair 
11 
0& 
E on stack 
PUSHH 
1 
1 
1 
0 
0 
1 
0 
1 Push register Pair 
11 
H & Lon stack 
PUSH 
1 
1 
1 
1 
0 
1 
0 
1 Push A and Flags 
11 
PSW 
on stack 
POPB 
1 
1 
0 
0 
0 
0 
0 
1 Pop register Pair B 
10 
& C off stack 
POP 0 
1 
1 
0 
1 
0 
0 
0 
1 Pop register Pair 0 
10 
& E off stack 
POPH 
1 
1 
1 
0 
0 
0 
0 
1 Pop register Pair H 
10 
& Loff stack 
POPPSW 
1 
1 
1 
1 
0 
0 
0 
1 Pop A and Flags 
10 
off stack 
XTHL 
1 
1 
1 
0 
0 
0 
1 
1 Exchange top of 
18 
staCk, H & L 
SPHL 
1 
1 
1 
1 
1 
0 
0 
1 H & Ltostack 
5 
pointer 
LXISP 
0 
0 
1 
1 
0 
0 
0 
1 Load immediate 
10 
stack pointer 
INXSP 
0 
0 
1 
1 
0 
0 
1 
1 Increment stack 
5 
pointer 
DCXSP 
0 
0 
1 
1 
1 
0 
1 
1 Decrement stack 
5 
pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump 
10 
unconditional 
JC 
1 
1 
0 
1 
1 
0 
1 o Jump on carry 
10 
JNC 
1 
1 
0 
1 
0 
0 
1 o Jump on no carry 
10 
JZ 
1 
1 
0 
0 
1 
0 
1 o Jump on zero 
10 
JNZ 
1 
1 
0 
0 
0 
0 
1 o Jump on no zero 
10 
JP 
1 
1 
1 
1 
0 
0 
1 o Jump on positive 
10 


In.trucllon 
Code (1) 
Oper.tlon. 
Clock 


lIInemonlc' 
Cycle. 
07 Os 05 04 03 02 01 Dc 
Deecrlptlon 
(2) 


JM 
1 
1 
1 
1 
1 
0 
1 o Jump on minus 
10 


JPE 
1 
1 
1 
0 
1 
0 
1 o Jump on parity 
10 


even 
JPO 
1 
1 
1 
0 
0 
0 
1 o Jump on parity odd 
10 


PCHL 
1 
1 
1 
0 
1 
0 
0 
1 H & L to program 
5 
counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 
17 


CC 
1 
1 
0 
1 
1 
1 
0 o Call on carry 
11/17 


CNC 
1 
1 
0 
1 
0 
1 
0 o Call on no carry 
11/17 


CZ 
1 
1 
0 
0 
1 
1 
0 o Call on zero 
11/17 


CNZ 
1 
1 
0 
0 
0 
1 
0 o Call on no zero 
11/17 


CP 
1 
1 
1 
1 
0 
1 
0 o Call on positive 
11/17 


CM 
1 
1 
1 
1 
1 
1 
0 o Call on minus 
11/17 


CPE 
1 
1 
1 
0 
1 
1 
0 o Call on parity even 
11/17 


CPO 
1 
1 
1 
0 
0 
1 
0 o Call on parity odd 
11/17 


RETURN 


RET 
1 
1 
0 
0 
1 
0 
0 
1 Return 
10 


RC 
1 
1 
0 
1 
1 
0 
0 o Return on carry 
5/11 


RNC 
1 
1 
0 
1 
0 
0 
0 o Return on no carry 
5/11 


RZ 
1 
1 
0 
0 
1 
0 
0 o Return on zero 
5/11 


RNZ 
1 
1 
0 
0 
0 
0 
0 o Return on no zero 
5/11 


RP 
1 
1 
1 
1 
0 
0 
0 o Return on positive 
5/11 


RM 
1 
1 
1 
1 
1 
0 
0 o Return on minus 
5/11 


RPE 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 


even 
RPO 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 


odd 


RESTART 


RST 
1 
1 A 
A A 
1 
1 
1 Restart 
I 
11 


INCREMEIIIT AND DECREMENT 


INRr 
o 
ODD 
0 
1 
0 o Increment register 
5 


DCRr 
o 
ODD 
0 
1 
0 
1 Decrement register 
5 


INRM 
001 
1 
0 
1 
0 o Increment memory 
10 


DCRM 
001 
1 
0 
1 
0 
1 Decrement memOf) 
10 


INXB 
00000 
0 
1 
1 Increment B & C 
5 


registers 


INXD 
0 
0 
0 
1 
0 
0 
1 
1 Increment 0 & E 
5 


registers 
INXH 
0 
0 
1 
0 
0 
0 
1 
1 Increment H & L 
5 


registers 


DCXB 
0 
0 
0 
0 
1 
0 
1 
1 Decrement B & C 
5 


OCXO 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 0 & E 
5 


OCXH 
0 
0 
1 
0 
1 
0 
1 
1 Decrement H & L 
5 


ADD 


AODr 
1 
0 
0 
0 
0 
S S 
S Add register to A 
4 


ADCr 
1 
0 
0 
0 
1 
S 
S 
S Add register to A 
4 


with carry 


AOOM 
1 
0 
0 
0 
0 
1 
1 o Add memory to A 
7 


ADCM 
1 
0 
0 
0 
1 
1 
1 o Add memory to A 
7 


with carry 


ADI 
1 
1 
0 
0 
0 
1 
1 o Add immediate to A 
7 


ACI 
1 
1 
0 
0 
1 
1 
1 o Add immediate to A 
7 


with carry 
DAOB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 
10 


DADO 
0 
0 
0 
1 
1 
0 
0 
1 AddO&EtoH&L 
10 


DAOH 
0 
0 
1 
0 
1 
0 
0 
1 AddH&LtoH&L 
10 


DAOSP 
0 
0 
1 
1 
1 
0 
0 
1 Add stack pointer 
10 


toH&L 


intel,. 


Instruction 
Code (1) 
Operations 
Clock 
Mnemonic' 
Cycles 
0706 
Os 04 03 02 010 
Description 
(2) 


SUBTRACT 


SUBr 
1 
0 
0 
1 
0 
S 
S 
S Subtract register 
4 
from A 
SBBr 
1 
0 
0 
1 
1 
S 
S 
S Subtract register 
4 
from A with borrow 
SUBM 
1 
0 
0 
1 
0 
1 
1 o Subtract memory 
7 
from A 
SBBM 
1 
0 
0 
1 
1 
1 
1 o Subtract memory 
7 
from A with borrow 
SUI 
1 
1 
0 
1 
0 
1 
1 o Subtract 
7 
immediate from A 
SBI 
1 
1 
0 
1 
1 
1 
1 o Subtract 
7 
immediate from A 
with borrow 


LOGICAL 


ANAr 
1 
0 
1 
0 
0 
S 
S 
S And register 
4 
with A 
XRAr 
1 
0 
1 
0 
1 
S 
S 
S Exclusive or 
4 
register with A 
ORAr 
1 
0 
1 
1 
0 
S 
S 
S Or register with A 
4 
CMPr 
1 
0 
1 
1 
1 
S 
S 
S Compare register 
4 
with A 
ANAM 
1 
0 
1 
0 
0 
1 
1 o And memory 
7 
with A 
XRAM 
1 
0 
1 
0 
1 
1 
1 o Exclusive Or 
7 
memory with A 
ORAM 
1 
0 
1 
1 
0 
1 
1 o Or memory with A 
7 
CMPM 
1 
0 
1 
1 
1 
1 
1 o Compare memory 
7 
with A 
ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
7 
with A 
XRI 
1 
1 
1 
0 
1 
1 
1 o Exclusive Or 
7 
immediate with A 
ORI 
1 
1 
1 
1 
0 
1 
1 o Or immediate 
7 
with A 
CPI 
1 
1 
1 
1 
1 
1 
1 o Compare 
7 
immediate with A 


nemonlc' 
Instruction 
Code (1) 
Clock 
Cycle 
0706 
Os 04 03 02 010 
(2) 


ROTATE 


RLC 
0 
0 
0 
0 
0 
Rotate A left 
4 
RRC 
0 
0 
0 
0 
1 
Rotate A right 
4 
RAL 
0 
0 
0 
1 
0 
Rotate A left 
4 
through carry 
RAR 
0 
0 
0 
Rotate A right 
4 
through carry 


SPECIALS 


CMA 
0 
0 
0 
1 
Complement A 
4 
STC 
0 
0 
1 
0 
Set carry 
4 
CMC 
0 
0 
1 
1 
Complement carry 
4 
DAA 
o 
0 
0 
0 
Decimal adjust A 
4 


INPUT/OUTPUT 


IN 
1 
1 
0 
1 
0 
Input 
10 
OUT 
1 
1 
0 
0 
0 
Output 
10 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 
4 
DI 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 
4 
NOP 
0 
0 
0 
0 
0 
0 
0 o No-operation 
4 
HLT 
0 
1 
1 
1 
0 
1 
1 o Halt 
7 


NOTES: 
1. DDD or SSS: B = 000, C = 001, D = 010, E = 011, H = 100, L = 101, Memory 
= 110, A = 111. 


2. Two possible 
cycle 
times 
(6/12) 
indicate 
instruction 
cycles 
dependent 
on condition 
flags . 
•All mnemonics 
copyright 
® Intel Corporation 
1977 


• Single + 5V Power Supply with 10% 
• On-Chip System Controller; 
Advanced 
Voltage Margins 
Cycl«! Status Information 
Available for 


• 3 MHz, 5 MHz and 6 MHz Selections 
Largc! System Control 


Available 
• Four Vectored Interrupt 
Inputs (One Is 
• 20% Lower Power Consumption 
than 
Non-Maskable) Plus an 8080A- 


8085A for 3 MHz and 5 MHz 
Comlpatible Interrupt 
• 1.3 J-LsInstruction 
Cycle (8085AH); 0.8 
• Serial In/Serial Out Port 


J-Ls(8085AH-2); 0.67 J-Ls(8085AH-1) 
• Decimal, Binary and Double Precision 


• 100% Software Compatible with 8080A 
Arithmetic 
• On-Chip Clock Generator (with External 
• Direct Addressing 
Capability to 64K 


Crystal, LC or RC Network) 
Byte:s of Memory 
• Available in 40-Lead Cerdip and Plastic 


Packages 
(See 
Packaging 
Spec., 
Order 
#231369) 


The 
Intel 
8085AH 
is a complete 
8-bit 
parallel 
Central 
Processing 
Unit 
(CPU) 
implemented 
in N-channel, 


depletion 
load, 
silicon 
gate 
technology 
(HMOS). 
Its instruction 
set is 100% 
software 
compatible 
with 
the 
8080A 
microprocessor, 
and it is designed 
to improve 
the present 
8080A's 
performance 
by higher 
system 
speed. 
Its high level of system 
integration 
allows 
a minimum 
system 
of three 
IC's 
[8085AH 
(CPU), 8156H 
(RAM/IO) 
and 
8755A 
(EPROM/IO)] 
while 
maintaining 
total 
system 
expand ability. 
The 
8085AH-2 
and 
8085AH-1 
are faster versions 
of the 8085AH. 


The 8085AH 
incorporates 
all of the features 
that the 8224 
(clock 
generator) 
and 8228 
(system 
controller) 


provided 
for the 8080A, 
thereby 
offering 
a higher level of system 
ntegration. 


The 8085AH 
uses a multiplexed 
data bus. The address 
is split between 
the 8-bit address 
bus and the 8-bit 


data bus. The on-chip 
address 
latches 
of 8155H/8156H/8755A 
memory 
products 
allow a direct interface 
with 
the 8085AH. 


X, 


X2 


RESET 
OUT 
SOD 


SID 


TRAP 


RST 75 


RST 6 5 


RST 5 5 


INTR 


INTA 


ADo 


AD, 


AD2 


AD3 


AD. 
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Symbol 
Type 
Name and Function 


Aa-A15 
0 
ADDRESS 
BUS: The most significant 
8 bits of memory address 
or the 8 bits of the 
I/O address, 
3-stated 
during Hold and Halt modes and during RESET. 


ADo-7 
I/O 
MULTIPLEXED 
ADDRESS/DATA 
BUS: Lower 8 bits of the memory address 
(or 
I/O address) 
appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes 
the data bus during the second 
and third clock cycles. 


ALE 
0 
ADDRESS 
LATCH ENABLE: It occurs during the first clock state of a machine 
cycle and enables the address to get latched into the on-chip 
latch of peripherals. 
The falling edge of ALE is set to guarantee 
setup and hold times for the address 
information. 
The falling edge of ALE can also be used to strobe the status 


information. 
ALE is never 3-stated. 


So' S1 and 10/M 
0 
MACHINE 
CYCLE STATUS: 


10/M 
S1 
So 
Status 
0 
0 
1 
Memory write 
0 
1 
0 
Memory read 


1 
0 
1 
I/O write 


1 
1 
0 
I/O read 


0 
1 
1 
Opcode 
fetch 


1 
1 
1 
Interrupt 
Acknowledge 


• 
0 
0 
Halt 


• 
X 
X 
Hold 
· 
X 
X 
Reset 


• = 3-state (high impedance) 
X = unspecified 


S1 can be used as an advanced 
R/W status. 10/M, SOand S1 become 
valid at the 


beginning 
of a machine 
cycle and remain stable throughout 
the cycle. The falling 


edge of ALE may be used to latch the state of these lines. 


RD 
0 
READ CONTROL: 
A low level on RD indicates 
the selected 
memory or I/O device 


is to be read and that the Data Bus is available 
for the data transfer. 
3-stated 
during 
Hold and Halt modes and during RESET. 


WR 
0 
WROTE 
CONTROL: 
A low level on WR indicates 
the data on the Data Bus is to be 


written into the selected 
memory or I/O location. 
Data is set up at the trailing edge 


of WR. 3-stated 
during Hold and Halt modes and during RESET. 


READY 
I 
READY: If READY is high during a read or write cycle, it indicates 
that the memory 
or peripheral 
is ready to send or receive data. If READY is low, the CPU will wait an 
integral number of clock cycles for READY to go high before completing 
the read 


or write cycle. READY must conform 
to specified 
setup and hold times. 


HOLD 
I 
HOLD: Indicat"ls 
that another 
master is requesting 
the use of the address and data 


buses. The CI--U, upon receiving 
the hold request, will relinquish 
the use of the bus 


as soon as the completion 
of the current bus transfer. 
Internal processing 
can 
continue. 
The processor 
can regain the bus onl~fter 
the HOLD ~ removed. 
When 


the HOLD is acknowledged. 
the Address, 
Data RD, WR, and 10/M lines are 


3-stated. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
Indicates 
that the CPU has received 
the HOLD request 


and that it will relinquish 
the bus in the next clock cycle. HILDA goes low after the 


Hold request is removed. 
The CPU takes the bus one half clock cycle after HLDA 


goes low. 


INTR 
I 
INTERRUPT 
REQUEST: 
Is used as a general 
purpose 
interrupt. 
It is sampled 
only 
during the next to the last clock cycle of an instruction 
and during Hold and Halt 
states. If it is active, the Program Counter 
(PC) will be inhibited 
from incrementing 


and an INTA will be issued. During this cycle a RESTART 
or CALL instruction 
can 


be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and 


disabled 
by software. 
It is disabled 
by Reset and immediately 
after an interrupt 
is 


accepted. 


Symbol 
Type 
Name and Function 


INTA 
0 
INTERRUPT 
ACKNOWLEDGE: 
Is used instead of (and has the same timing as) 
RD during the Instruction 
cycle after an INTR is accepted. 
It can be used to 


activate 
an 8259A Interrupt 
chip or some other interrupt 
port. 


RST 5.5 
I 
RESTART 
INTERRUPTS: 
These three inputs have the same timing as INTR 
RST6.5 
except they cause an internal 
REST ART to be automatically 
inserted. 


RST7.5 
The priority of these interrupt 
is ordered 
as shown in Table 2. These interrupts 
have 


a higher priority than INTR. In addition, 
they may be individually 
masked out using 


the SIM instruction. 


TRAP 
I 
TRAP: Trap interrupt 
is a non-maskable 
RESTART 
interrupt. 
It is recognized 
at the 


same time as INTR or RST 5.5-7.5. 
It is unaffected 
by any mask or Interrupt 


Enable. It has the highest priority of any interrupt. 
(See Table 2.) 


RESET IN 
I 
RESET IN: Sets the Program Counter to zero and resets the Interrupt 
Enable and 


HlDA 
flip-flops. 
The data and address 
buses and the control 
lines are 3-stated 


during RESET and because 
of the asyncnronous 
nature of RESET, the processor's 


internal 
registers 
and flags may be altered by RESET with unpredictable 
results. 


RESET IN is a Schmitt-triggered 
input, al owing connection 
to an R-C network 
for 


power-on 
RESET delay (see Figure 3). Upon power-up, 
RESET IN must remain low 


for at least 10 ms after minimum Vcc has been reached. 
For proper reset 
operation 
after the power-up 
duration, 
RESET IN should be kept Iowa 
minimum 
of 


three clock periods. The CPU is held in the reset condition 
as long as RESET IN is 
applied. 


RESET OUT 
0 
RESET OUT: Reset Out indicates 
CPU is being reset. Can be used as a system 
reset. The signal is synchronized 
to the processor 
clock and lasts an integral 


number of clock periods. 


X1, X2 
I 
X1 and X2: Are connected 
to a crystal, le, 
or RC network 
to drive the internal 


clock generator. 
X1 can also be an external 
clock input from a logic gate. The input 


frequency 
is divided by 2 to give the processor's 
internal operating 
frequency. 


ClK 
0 
CLOCK: Clock output for use as a system clock. The period of ClK 
is twice the X1, 


X2 input period. 


SID 
I 
SERIAL 
INPUT DATA LINE: The data on this line is loaded into accumulator 
bit 7 


whenever 
a RIM instruction 
is executed. 


SOD 
0 
SERIAL OUTPUT 
DATA LINE: The output SOD is set or reset as specified 
by the 


SIM instruction. 


VCC 
POWER: + 5 volt supply. 


VSS 
GROUND: 
Reference. 


Name 
Priority 
Address 
Branched 
to(1) 
Type Trigger 
When Interrupt 
Occurs 


TRAP 
1 
24H 
Rising Edge AND High Level until Sampled 


RST7.5 
2 
3CH 
Rising Edge (latched) 


RST6.5 
3 
34H 
Hi~lh level 
until Sampled 


RST 5.5 
4 
2CH 
Hi~lh level 
until Sampled 
. 


INTR 
5 
(Note 2) 
Hi9h Level until Sampled 


NOTES: 
1. The processor 
pushes 
the PC on the stack 
before 
branching 
to the indic,~ted address. 
2. The address 
branched 
to depends 
on the instruction 
provided 
to the CPlJ when 
the interrupt 
is acknowledged. 


Typical Power-On Reset RC Values' 
R, ~ 75 Kfi 
C, ~ 11-'F 
'Values May Have to Vary Due to Applied Power Supply Ramp 
Up Time. 


The SOS5AH is a complete S-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single + 5V supply. Its basic clock speed is 3 MHz 
(SOS5AH),5 MHz (SOS5AH-2),or 6 MHz (SOS5-AH-1), 
thus improving on the present SOSOA'sperformance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC's: The CPU 
(SOS5AH),a RAM/IO (S156H), and an EPROMIIO 
chip (S755A). 


The SOS5AHhas twelve addressable S-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
S-bit registers or 
as 
16-bit register pairs. The 
SOS5AHregister set is as follows: 
Mnemonic 
Register 
ACC or A 
Accumulator 
PC 
Program Counter 
BC, DE, HL General-Purpose 
Registers; data 
pointer (HL) 
SP 
Stack Pointer 
Flags or F 
Flag Register 


Contents 
S Bits 
16-Bit Address 
S-Bitsx 6 or 
16 Bits x 3 


16-Bit Address 
5 Flags (S-BitSpace) 


The SOS5AHuses a multiplexed Data Bus. The ad- 
dress is split between the higher S-bit Address Bus 
and the lower S-bit Address/Data Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data bus. 
These lower S bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo- 
ry or I/O data. 


The SOS5AHprovides RD, WR, So, S1, and 10/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor's internal 
clock. The SOS5AHalso provides Serial Input Data 


(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 


In addition to these features, the SOS5AHhas three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 


The SOS5AHhas 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the SOSOAINT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


The three maskable interrupt cause the internal exe- 
cution of RESTART (saving the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta- 
ble 2.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi- 
tive like INTR (and INT on the SOSO)and are recog- 
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 


For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt re- 
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im- 
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
SOS5AH.The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 


The status of the three RST interrupt masks can 
only 
be 
affected 
by 
the 
SIM 
instruction 
and 


RESET IN. (See SIM, Chapter 5 of the SOSO/SOS5 
User's Manual.) 


The intmrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high- 
est priority, RST 7.5, RST 6.5, RST 5.5, INTR-Iow- 
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be- 
fore the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 


highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il- 
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an EI in- 
struction is executed. 


EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 


INTERNAL 
TRAP 
F.F. 


TRAP 


• 
ACKNOWLEDGE 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur- 
rent interrupt enable status. Performing a RIM in- 
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter- 
rupts are disabled. See the description of the RIM 
Instruction in the 8080/8085 Family User's Manual. 


The serial I/O system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X1 AND X2 INPUTS 


You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 


hence, tht38085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 


Parallel msonance at twice the clock frequency de- 
sired 
CL (load capacitance) :s:; 30 pF 
Cs (Shunt capacitance) :s:; 7 pF 
Rs (equivalent shunt resistance) :s:; 750 
Drive level: 10 mW 
Frequency tolerance: ± 0.005% (suggested) 


Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler- 
ance of ;approximately ± 10% is acceptable. The 
components are chosen from the formula: 


1 


f = -:::----;=:;;====== 
21T~L(Cext + Cintl 


To mlnlrrllZe variations in frequency, it is recom- 
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 


An RC circuit may be used as the frequency-deter- 
mining network for the 8085AH if maintaining a pre- 
cise clocl, frequency is of no importance. Variations 
in the on·chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantagl9 is its low component cost. The driving 
frequency generated by the circuit shown is approxi- 
mately 3 MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 5 shows the recommended clock driver cir- 
cuits. Note in d and e that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 


For driving frequencies up to and including 6 MHz 
you may Hupplythe driving signal to Xl and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera- 
tor will be improved by driving both Xl and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla- 
tion of the 8085AH, be sure that X2 is not coupled 
back to Xl through the driving circuit. 


• 


Xl 
IOI5AH 
----, 
I 
I 
1 
CINT 
..1.. •• 5pF 
1""I 
I 


X2 
J 


•20 pF capacitors required for 
crystal frequency';; 
4 MHzonly. 
231718-5 


a. Quartz Crystal Clock Driver 


x,----, 
II 
CINT 
~ 
•• 5pF 
T 
I 


X2 
-' 


231718-6 
b. LC Tuned Circuit Clock Driver 


LOW TIME >.ftI 


/ 
x, 


231718-8 


d. 1-6 MHz Input Frequency 


Clock Driver Circuit 


LOW nME 
> 40 nl 


470'0 
/ 


x, 


231718-9 


e. 1-12 MHz Input Frequency 
External Clock Driver Circuit 


c. RC Circuit Clock Driver 


Figure 5. Clock Driver Circuits 


GENERATING AN 8085AH WAIT 
STATE 


If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 


The 0 flip-flops should be chosen so that 
• CLK is rising edge-triggered 
• CLEAR is low-level active. 


TO- 
READY 


~ 
...:,PUT 


231718-10 


•ALE and ClK (OUT) should be buffered if ClK input of latch 
exceeds 8085AH IOl or IOH. 


Figure 6. Generation of a 
Wait State for 8085AH CPU 


As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU 
to relinquish the bus when it is through with it by 
floating the Address and Data Buses. 


The 80fl5AH family includes memory components. 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips. 
8085AH, 8156H and 8755A will have the following 
features: 


• 2K Bytes EPROM 
• 256 Bytes RAM 
• 1 Timer/Counter 
• 4 8-bit I/O Ports 
• 1 6-bit I/O Port 
• 4 Interrupt Levels 
• Serial In/Serial Out Ports 


This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 


shows the system configuration of Memory Mapped 
I/O using El085AH. 


In addition to the standard I/O, the memory mapped 
I/O offers an efficient I/O addressing technique. 
With this technique, an area of memory address 
space is assigned for I/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 


The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed ad- 
dress/ data bus. It will require a simple 8·bit latch as 
shown in Figure 9. 


r1D~ 


Vss 
Vecr 1 I 
- 
x, 
x, 
RESET 
IN 
I-- 
TRAP 
HOLD 
- 
RST1.5 
HLDA I-- 
- 
RST6.5 
8085AH 
SOD I-- 
- 
RST5.5 
SID I-- 
- 
INTR 
s,l-- 
-- 
lNTA 
RESET 
S. I-- 


ADOR/ 
OUT 
ADDR 
DATA 
ALE 
AD 
ViR 
101M 
ROY 
CLK 


18) 
181 
Vi' 
vr 


. ~- 
CE 
POR~ ¢V 


WR 
¢V 
PORT 
181 
RD81~H 
B 


ALE 
PORT ¢V 
A 
DATAl 
C 
161 


ADOR 
" 
Y 
IN 
101M 
TIMER - 
RESET 
OUT- 


lOW 


AD 


ALE 
¢V 
I~ 


F'ORT 
- 
CE 
A 
- 
•. 


Aa-lO 
- 
y 
8755,~ 
. 
.. 


DATAl 
ADOR 
" 
¢V 


101M 
FQRT 


RESET 
B 
...- * 
ROY 
Vcc 
~ 
CLK 
lOR ..J 


t t t t 
Vss 
Vec Vt>o PROG 
~vcc 
~ • 
Vcc 
• 
\I 
\I 


°NOTE: 
Optional 
Connection 


• 


t-.. 


AS-1S 
, 
..••.. 


v 
,., 
t-.. 


ADO·7 
'J 
/" 
A 
v 
ALE 
- 
8OI5AH 
RD 
- 
- 
WR 
- 
101M 
- 
ClK 


RESET 
OUl 
- 


i 
- 
READY 
I 
- 
I 
I. 
I· 
iTIMER 
AD 
AS- 
AD 
101. 
I 
RESET 
+ 
IN 
WR Ri5 
ALE 
CE '\ 
/0·7 
101M 
'\/A10'<:. 
.707 
CE 
M 
ALE AD iOi'i ClK 
RS1RDY 


T~~R_ 


I15IH 
[RAM + I/O + COUNTER/TIMERj 
8755A [EPROM + I/O] 
B B 


L~ 
B B 


'" IS) 
ISI 
'\ 
IS) 
(Sll 
'\ 
7 


'NOTE: 
Optional 
Connection 
--c( 


RESET 
IN 
HOLD 
--- 
HlDA 


SOD 
SID 
__ - 


S, 


R~~~T 
So 


RDY ClK 


elK 


I~ESET 


10/M 
ICSI 


:lATA 


STANDARD 
I/O 


ADDR 


• 


The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad- 
dress on the Data Bus. Figure 10 shows an instruc- 
tion fetch, memory read and 1/0 
write cycle (as 
would occur during processing of the OUT instruc- 
tion). Note that during the 1/0 write and read cycle 
that the 1/0 port address is copied on both the up- 
per and lower half of the address. 


There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (IOiM", S1, So) and 


the three control signals (RD, WR, and INTA). (See 
Table 3.) The status lines can be used as advanced 
controls (for device selection, for example), since 
they become active at the T1 state, at the outset of 
each machine cycle. Control lines RD and WR be- 
come active later, at the time when the transfer of 
data is to take place, so are used as command lines. 


A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi- 
ble states, shown in Table 4. 


Machine 
Cycle 
Status 
Control 


101M 
S1 
SO 
RD 
WR 
INTA 


OPCODE FETCH 
(OF) 
0 
1 
1 
0 
1 
1 


MEMORY READ 
(MR) 
0 
1 
0 
0 
1 
1 


MEMORY WRITE 
(MW) 
0 
0 
1 
1 
0 
1 


1/0 READ 
(lOR) 
1 
1 
0 
0 
1 
1 


110 WRITE 
(lOW) 
1 
0 
1 
1 
0 
1 


ACKNOWLEDGE 
OFINTR 
(INA) 
1 
1 
1 
1 
1 
0 


BUS IDLE 
(BI): 
DAD 
0 
1 
0 
1 
1 
1 


ACK.OF 
RST,TRAP 
1 
1 
1 
1 
1 
1 


HALT 
TS 
0 
0 
TS 
TS 
1 


Machine 
Status & Buses 
Control 


State 
S1,SO 
101M 
Aa-A15 
ADo-AD7 
RD,WR 
INTA 
ALE 


T1 
X 
X 
X 
X 
1 
1 
1* 


T2 
X 
X 
X 
X 
X 
X 
0 


TWAIT 
X 
X 
X 
X 
X 
X 
0 


T3 
X 
X 
X 
X 
X 
X 
0 


T4 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


TRESET 
X 
TS 
TS 
TS 
TS 
1 
0 


THALT 
0 
TS 
TS 
TS 
TS 
1 
0 


THOLD 
X 
TS 
TS 
TS 
TS 
1 
0 


o = Logic "0" 
TS = High 
Impedance 
1 ~ 
Logic 
"1" 
X = Unspecified 


• ALE not generated 
during 
2nd and Srd machine 
cycles 
of DAD 
instruction. 


tIO/M" 
= 1 during 
T4- Ts of INA machine 
cycle. 


eLK 
T, 


Aa-A1s 


ADo-1 


ALE 


AD 


WA 


101M 


STATUS 


intel~ 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Ambient 
Temperature 
under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = O·C to 70·C, Vcc = 5V ± 10%, Vss = OV; unless otherwise 
specified· 


8085AH·1: 
TA = O·C to 70·C, Vcc = 5V ±5%, 
Vss = OV; unless otherwise 
specified· 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input low 
Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+0.5 
V 


VOL 
Output low 
Voltage 
0.45 
V 
IOL = 2mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
p.A 


Icc 
Power Supply Current 
135 
mA 
8085AH, 
8085AH-2 


200 
mA 
8085AH-1 


IlL 
Input leakage 
±10 
p.A 
o ~ VIN ~ VCC 


ILO 
Output 
leakage 
±10 
p.A 
0.45V 
~ VOUT ~ Vcc 


VILR 
Input low 
level, 
RESET 
-0.5 
+0.8 
V 


VIHR 
Input High level, 
RESET 
2.4 
Vcc 
+ 0.5 
V 


VHY 
Hysteresis, 
RESET 
0.15 
V 


A.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = o·c to 70·C, Vcc = 5V ± 10%, Vss = OV· 


8085AH-1: 
TA = O·C to 70·C, Vcc = 5V ±5%, 
Vss = OV 


Symbol 
Parameter 
8085AH 
(2) 
8085AH.2 
(2) 
8085AH.1 
(2) 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


teyC 
ClK 
Cycle Period 
320 
2000 
200 
2000 
167 
2000 
ns 


tl 
ClK 
low 
Time (Standard 
ClK 
loading) 
80 
40 
20 
ns 


t2 
ClK 
High Time (Standard 
ClK 
loading) 
120 
70 
50 
ns 


tr, tf 
ClK 
Rise and Fall Time 
30 
30 
30 
ns 


tXKR 
Xl Rising to ClK 
Rising 
20 
120 
20 
100 
20 
100 
ns 


tXKF 
Xl Rising to ClK 
Falling 
20 
150 
20 
110 
20 
110 
ns 


tAC 
A8-15 Valid to leading 
Edge of Control (1) 
270 
115 
70 
ns 


tACL 
AO-7 Valid to leading 
Edge of Control 
240 
115 
60 
ns 


tAD 
AO-15 Valid to Valid Data In 
575 
350 
225 
ns 


tAFR 
Address 
Float after leading 
Edge of 
0 
0 
0 
ns 
READ (INTA) 


tAL 
A8-15 Valid before Trailing Edge of ALE (1) 
115 
50 
25 
ns 


·NOTE: 
For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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Symbol 
Parameter 
8085AH 
(2) 
8085AH-2 
(2) 
8085AH-1 
(2) 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tAll 
AO-7 Valid before Trailing 
Edge of ALE 
90 
50 
25 
ns 


tARY 
READY Valid from Address 
Valid 
220 
100 
40 
ns 


teA 
Address 
(A8-15) Valid after Control 
120 
60 
30 
ns 


tec 
Width of Control 
low 
(RD, WR, INTA) 
400 
230 
150 
ns 
Edge of ALE 


tel 
Trailing 
Edge of Control to leading 
Edge 
50 
25 
0 
ns 
of ALE 


tDW 
Data Valid to Trialing 
Edge of WRITE 
420 
230 
140 
ns 


tHABE 
HlDA 
to Bus Enable 
210 
150 
150 
ns 


tHABF 
Bus Float after HlDA 
210 
150 
150 
ns 


tHACK 
HlDA 
Valid to Trailing 
Edge of ClK 
110 
40 
0 
ns 


tHDH 
HOLD Hold Time 
0 
0 
0 
ns 


tHDS 
HOLD Setup Time to Trailing Edge of ClK 
170 
120 
120 
ns 


tlNH 
INTR Hold Time 
0 
0 
0 
ns 


tiNS 
INTR, RST, and TRAP Setup Time to 
160 
150 
150 
ns 
Falling Edge of ClK 


tLA 
Address 
Hold Time after ALE 
100 
50 
20 
ns 


tlC 
Trailing 
Edge of ALE to leading 
Edge 
130 
60 
25 
ns 
of Control 


tlCK 
ALE low 
During ClK 
High 
100 
50 
15 
ns 


tLDR 
ALE to Valid Data during Read 
460 
270 
175 
ns 


tLDW 
ALE to Valid Data during Write 
200 
140 
110 
ns 


tll 
ALE Width 
140 
80 
50 
ns 


tlRY 
ALE to READY Stable 
110 
30 
10 
ns 


tRAE 
Trailing 
Edge of READ to Re-Enabling 
150 
90 
50 
ns 
of Address 


tRD 
READ (or INTA) to Valid Data 
300 
150 
75 
ns 


tRY 
Control Trailing 
Edge to leading 
Edge 
400 
220 
160 
ns 
of Next Control 


tRDH 
Data Hold Time after READ INTA 
0 
0 
0 
ns 


tRYH 
READY Hold Time 
0 
0 
5 
ns 


tRYS 
READY Setup Time to leading 
Edge 
110 
100 
100 
ns 
of ClK 


tWD 
Data Valid after Trailing 
Edge of WRITE 
100 
60 
30 
ns 


tWDl 
lEADING 
Edge of WRITE to Data Valid 
40 
20 
30 
ns 


NOTES: 
1. Aa-A15 address Specs apply IO/M. SO.and Sl except Aa-A15 are undefined during T4- Ta of OF cycle whereas 101M. 
So. and Sl are stable. 
2. Test Conditions: 
teyC = 320 ns (8085AH)/200 
ns (8085AH-2);/167 
ns (8085AH-1); CL = 150 pF. 


3. For all output timing where C * 150 pF use the following correction factors: 
25 pF ,;; CL < 150 pF: -0.10 
ns/pF 
150 pF < CL ,;; 300 pF: +0.30 ns/pF 
4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of teyC use Table 5. 


• 


intel~ 


DEVICE 
UNDER 
TEST 


2 .•=X 
x= 


2.0 
2.0 


0.8> TEST 
POINTS < 0.8 


0.• 5 
---------- 
Ic, ~ 150pF 


231718-15 


A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


Symbol 
8085AH 
8085AH·2 
8085AH·1 


tAL 
(1/2)T 
- 
45 
(1/2)T 
- 
50 
(1/2)T 
- 
58 
Minimum 


tLA 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
63 
Minimum 


tll 
(1/2)T 
- 
20 
(1/2)T 
- 
20 
(1/2)T 
- 
33 
Minimum 


tlCK 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
68 
Minimum 


tlC 
(1/2)T 
- 
30 
(1/2)T 
- 
40 
(1/2)T 
- 
58 
Minimum 


tAD 
(5/2 + N)T - 
225 
(5/2 + N)T - 
150 
(5/2 + N)T - 
192 
Maximum 


tRD 
(3/2 + N)T - 
180 
(3/2 + N)T - 
150 
(3/2 + N)T - 
175 
Maximum 


tRAE 
(1/2)T 
- 
10 
(1/2)T 
- 
10 
(1/2)T 
- 
33 
Minimum 


teA 
(1/2)T 
- 
40 
(1/2)T 
- 
40 
(1/2)T 
- 
53 
Minimum 


tow 
(3/2 + N)T - 
60 
(3/2 + N)T - 
70 
(3/2 + N)T - 
110 
Minimum 


two 
(1/2)T 
- 
60 
(1/2)T 
- 
40 
(1/2)T 
- 
53 
Minimum 


tec 
(3/2 + N)T - 
80 
(3/2 + N)T - 
70 
(3/2 + N)T - 
100 
Minimum 


tel 
(1/2)T-110 
(1/2)T 
- 
75 
(1/2)T 
- 
83 
Minimum 


tARY 
(3/2)T 
- 
260 
(3/2)T 
- 
200 
(3/2)T 
- 
210 
Maximum 


tHACK 
(1/2)T 
- 
50 
(1/2)T 
- 
60 
(1/2)T 
- 
83 
Minimum 


tHABF 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tHABE 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tAC 
(2/2)T 
- 
50 
(2/2)T 
- 
85 
(2/2)T 
- 
97 
Minimum 


t1 
(1/2)T 
- 
80 
(1/2)T 
- 
60 
(1/2)T 
- 
63 
Minimum 


t2 
(1/2)T 
- 
40 
(1/2)T 
- 
30 
(1/2)T 
- 
33 
Minimum 


tRY 
(3/2)T 
- 
80 
(3/2)T 
- 
80 
(3/2)T 
- 
90 
Minimum 


tLDR 
(4/2 + N)T - 
180 
(4/2)T 
- 
130 
(4/2)T 
- 
159 
Maximum 


NOTE: 
N is equal to the total WAIT states. T = tevc. 


---I 
\__ / 


1,_1_' -"'--rll 


I_t,--_ 
I ------------ 


T, 
I 
T, 
T, 
T, 
elK\ 
/ 


IlCK_~ , 
'L-l 
J 


ADDRESS 


._---------- 


ADO-AD, 
ADDRESS 


- 
t,LA - 
lAFR_ 
4- 


flOA 
ALE 


t 
AL 
_ 
.tAO-_ 


RD/INTA 


t.c_ 


231718-18 


WRITE 


T, 
I 
T, 
I 
T, 
I 
T, 
elK\, 
/ ) I 
\..--.1 
\ 
I 
I-- tlCK 


A.-A,s 
ADDRESS 
r--tLDW- 


ADo-AD7 
ADDRESS 


tLL_I.....--tL 
.••- 
- 
tow 


ALE 
IWOI. 


WR 


_tcc- 


1CL- 


231718-19 


I 
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\__/ 
\_- 


tRO 


--_tcc 


tlRY 
I---tAC- 
I.. 
tAAY 
I 
J 
tRY'S 
tRYH 


NOTE: 
1. Ready 
must remain 
stable 
during 
setup 
and hold times. 


intelQP 


'NOTE: 
101M is also floating 
during 
this time. 


• 
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Mnemonic 
Instruction 
Code 
Operations 


07 06 05 04 03 02 01 Do 
Description 


MOVE, 
LOAD 
AND STORE 


MOVr1 r2 
0 
1 
D 
D 
D 
S 
S 
S 
Move register 
to register 


MOVM.r 
0 
1 
1 
1 
0 
S 
S 
S 
Move register 
to memory 


MOVr.M 
0 
1 
D 
D 
D 
1 
1 
0 
Move memory 
to register 


MVlr 
0 
0 
D 
D 
D 
1 
1 
0 
Move immediate 
register 


MVIM 
0 
0 
1 
1 
0 
1 
1 
0 
Move immediate 
memory 


LXIB 
0 
0 
0 
0 
0 
0 
0 
1 
Load immediate 
register 
Pair B & C 


LXID 
0 
0 
0 
1 
0 
0 
0 
1 
Load immediate 


register 
Pair D & E 


LXIH 
0 
0 
1 
0 
0 
0 
0 
1 
Load immediate 
register 
Pair H & L 


STAXB 
0 
0 
0 
0 
0 
0 
1 
0 
Store A indirect 


STAXD 
0 
0 
0 
1 
0 
0 
1 
0 
Store A indirect 


LDAXB 
0 
0 
1 
0 
1 
0 
1 
0 
Load A indirect 


LDAXD 
0 
0 
0 
1 
1 
0 
1 
0 
Load A indirect 


STA 
0 
0 
1 
1 
0 
0 
1 
0 
Store A direct 


LDA 
0 
0 
1 
1 
1 
0 
1 
0 
Load A direct 


SHLD 
0 
0 
1 
0 
0 
0 
1 
0 
Store H & L direct 


LHLD 
0 
0 
1 
0 
1 
0 
1 
0 
Load H & L direct 


XCHG 
1 
1 
1 
0 
1 
0 
1 
1 
Exchange 
D & E, 
H & L Registers 


STACKOPS 


PUSH B 
1 
1 
0 
0 
0 
1 
0 
1 
Push register 
Pair 
B & C on stack 


PUSHD 
1 
1 
0 
1 
0 
1 
0 
1 
Push register 
Pair 
D & E on stack 


PUSHH 
1 
1 
1 
0 
0 
1 
0 
1 
Push register 
Pair 
H & L on stack 


PUSH 
1 
1 
1 
1 
0 
1 
0 
1 
Push A and Flags 
PSW 
on stack 


POPB 
1 
1 
0 
0 
0 
0 
0 
1 
Pop register 
Pair 
B&Coffstack 


POPD 
1 
1 
0 
1 
0 
0 
0 
1 
Pop register 
Pair 
D & E off stack 


POPH 
1 
1 
1 
0 
0 
0 
0 
1 
Pop register 
Pair 
H & L off stack 


Mnemonic 
Instruction 
Code 
Operations 


07 06 05 04 03 02 01 Do 
Description 


STACK 
OPS (Continued) 


POPPSW 
1 
1 
1 
1 
0 
0 
0 
1 Pop A and Flags 
off stack 


XTHL 
1 
1 
1 
0 
0 
0 
1 
1 
Exchange 
top of 


stack, H & L 


SPHL 
1 
1 
1 
1 
1 
0 
0 
1 H & L to stack 
pointer 


LXISP 
0 
0 
1 
1 
0 
0 
0 
1 Load immediate 
stack pointer 


INXSP 
0 
0 
1 
1 
0 
0 
1 
1 Increment 
stack 


pointer 


DCXSP 
0 
0 
1 
1 
1 
0 
1 
1 Decrement 
stack 
pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump unconditional 


JC 
1 
1 
0 
1 
1 
0 
1 
0 Jump on carry 


JNC 
1 
1 
0 
1 
0 
0 
1 
0 Jump on no canry 


JZ 
1 
1 
0 
0 
1 
0 
1 
0 
Jump on zero 


JNZ 
1 
1 
0 
0 
0 
0 
1 
0 Jump on no zero 


JP 
1 
1 
1 
1 
0 
0 
1 
0 Jump on positive 


JM 
1 
1 
1 
1 
1 
0 
1 
0 Jump on minus 


JPE 
1 
1 
1 
0 
1 
0 
1 
0 Jump on parity even 


JPO 
1 
1 
1 
0 
0 
0 
1 
0 Jump on parity odd 


PCHL 
1 
1 
1 
0 
1 
0 
0 
1 H & L to program 


counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 


CC 
1 
1 
0 
1 
1 
1 
0 
0 
Call on carry 


CNC 
1 
1 
0 
1 
0 
1 
0 
0 
Call on no carry 


CZ 
1 
1 
0 
0 
1 
1 
0 
0 Call on zero 


CNZ 
1 
1 
0 
0 
0 
1 
0 
0 Call on no zero 


CP 
1 
1 
1 
1 
0 
1 
0 
0 Call on positive 


CM 
1 
1 
1 
1 
1 
1 
0 
0 Call on minus 


CPE 
1 
1 
1 
0 
1 
1 
0 
0 Call on parity even 


CPO 
1 
1 
1 
0 
0 
1 
0 
0 Call on parity odd 


RETURN 


RET 
1 
1 
0 
0 
1 
0 
0 
1 Return 


RC 
1 
1 
0 
1 
1 
0 
0 
0 Return on carry 


RNC 
1 
1 
0 
1 
0 
0 
0 
0 
Return on no carry 


RZ 
1 
1 
0 
0 
1 
0 
0 
0 
Return on zero 


intel~ 


Instruction 
Code 
Operations 
Mnemonic 
D7 06 05 04 03 02 01 Do 
Description 


RETURN 
(Continued) 


RNZ 
1 
1 
0 
0 
0 
0 
0 
0 
Return on no zero 


RP 
1 
1 
1 
1 
0 
0 
0 
0 
Return on positive 


RM 
1 
1 
1 
1 
1 
0 
0 
0 
Return on minus 


RPE 
1 
1 
1 
0 
1 
0 
0 
0 
Return on 
parity even 


RPO 
1 
1 
1 
0 
0 
0 
0 
0 
Return on 
parity odd 


RESTART 


RsT 
1 
1 
A 
A 
A 
1 
1 
1 Restart 


INPUT IOUTPUT 


IN 
1 
1 
0 
1 
1 
0 
1 
1 Input 


OUT 
1 
1 
0 
1 
0 
0 
1 
1 Output 


INCREMENT 
AND DECREMENT 


INRr 
0 
0 
D 
D 
D 
1 
0 
0 
Increment 
register 


DCRr 
0 
0 
D 
D 
D 
1 
0 
1 Decrement 
register 


INRM 
0 
0 
1 
1 
0 
1 
0 
0 
Increment 
memory 


DCRM 
0 
0 
1 
1 
0 
1 
0 
1 Decrement 
memory 


INXB 
0 
0 
0 
0 
0 
0 
1 
1 
Increment 
B & C 
registers 


INXD 
0 
0 
0 
1 
0 
0 
1 
1 Increment 
D & E 
registers 


INXH 
0 
0 
1 
0 
0 
0 
1 
1 Increment 
H & L 
registers 


DCXB 
0 
0 
0 
0 
1 
0 
1 
1 Decrement 
B & C 


DCXD 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 
D & E 


DCXH 
0 
0 
1 
0 
1 
0 
1 
1 
Decrement 
H & L 


ADD 


ADDr 
1 
0 
0 
0 
0 
5 
5 
5 
Add register to A 


ADCr 
1 
0 
0 
0 
1 
5 
5 
5 
Add register to A 
with carry 


ADDM 
1 
0 
C 
0 
0 
1 
1 
0 Add memory 
to A 


ADCM 
1 
0 
0 
0 
1 
1 
1 
0 Add memory 
to A 
with carry 


ADI 
1 
1 
0 
0 
0 
1 
1 
0 Add immediate 
to A 


ACI 
1 
1 
0 
0 
1 
1 
1 
0 Add immediate 
to A 
with carry 


DADB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 


Mnemonic 
Instruction 
Code 
Operations 


107 06 05 04 03 02 01 Do 
Description 


ADD (Continued) 


DADD 
0 
0 
0 
1 
1 
0 
0 
1 AddD&EtoH&L 


DADH 
0 
0 
1 
0 
1 
0 
0 
1 AddH&LtoH&L 


DADsP 
0 
0 
1 
1 
1 
0 
0 
1 Add stack pointer 
toH 
&L 


SUBTRAC1" 


sUBr 
1 
0 
0 
1 
0 
5 
5 
5 Subtract 
register 


from A 


sBBr 
1 
0 
0 
1 
1 
5 
5 
5 
Subtract 
register 
from A with borrow 


sUBM 
1 
0 
0 
1 
0 
1 
1 o Subtract 
memory 
from A 


sBBM 
1 
0 
0 
1 
1 
1 
1 o Subtract 
memory 


from A with borrow 


SUI 
1 
1 
0 
1 
0 
1 
1 o Subtract 
immediate 


from A 


sBI 
1 
1 
0 
1 
1 
1 
1 o Subtract 
immediate 
from A with borrow 


LOGICAL 


ANAr 
11 
0 
1 
0 
0 
5 
5 
5 And register 
with A 


XRAr 
1 
0 
1 
0 
1 
5 
5 
5 
Exclusive 
OR 
register 
with A 


ORAr 
1 
0 
1 
1 
0 
5 
5 
5 
OR register 
with A 


CMPr 
1 
0 
1 
1 
1 
5 
5 
5 Compare 
register 


with A 


ANAM 
1 
0 
1 
0 
0 
1 
1 o And memory 
with A 


XRAM 
1 
0 
1 
0 
1 
1 
1 o Exclusive 
OR memor) 
with A 


ORAM 
1 
0 
1 
1 
0 
1 
1 o OR memory 
with A 


CMPM 
1 
0 
1 
1 
1 
1 
1 o Compare 
memory 
with A 


ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
with A 


XRI 
1 
1 
1 
0 
1 
1 
1 o EXClusive OR 
immediate 
with A 


ORI 
1 
1 
1 
1 
0 
1 
1 o OR immediate 
with A 


CPI 
1 
1 
1 
1 
1 
1 
1 o Compare 
immediate 
with A 
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Code 
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Description 


ROTATE 


RLC 
0 
0 
0 
0 
0 
1 
1 
1 Rotate A left 


RRC 
0 
0 
0 
0 
1 
1 
1 
1 Rotate A right 


RAL 
0 
0 
0 
1 
0 
1 
1 
1 Rotate A left 
through carry 


RAR 
0 
0 
0 
1 
1 
1 
1 
1 Rotate A right 


through carry 


SPECIALS 


CMA 
0 
0 
1 
0 
1 
1 
1 
1 Complement A 


STC 
0 
0 
1 
1 
0 
1 
1 
1 Set carry 


CMC 
0 
0 
1 
1 
1 
1 
1 
1 Complement carry 
OM 
0 
0 
1 
0 
0 
1 
1 
1 Decimal adjust A 


Mnemonic 
Instruction 
Code 
Operations 


07 Os Os Dc 03 02 01 Do 
Description 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 


01 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 


NOP 
0 
0 
0 
0 
0 
0 
0 
0 No-operation 


HLT 
0 
1 
1 
1 
0 
1 
1 
0 Halt 


NEW 8085AH INSTRUCTIONS 


RIM 
0 
0 
1 
0 
0 
0 
0 
0 Read Interrupt 
Mask 


SIM 
0 
0 
1 
1 
0 
0 
0 
0 Set Interrupt Mask 


NOTES: 
1. DDS or SSS: B 000, COOl, 0010, EOll, H 100, L101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
•All mnemonics copyrighted @Intel Corporation 1976. 


2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AN[) TIMER 


• 
Single +5V Power Supply with 10% 
Voltage Margins 


• 
30% Lower Power Consumption 
than 
the 8155 and 8156 


• 
256 Word x 8 Bits 
• 
Completely 
Static Operation 


• 
Internal Address Latch 


• 
2 Programmable 
8-Blt 1/0 Ports 


• 
1 Pro!~rammable 6-Blt 1/0 Port 


• 
Programmable 
14-Blt Binary Counter 1 


Timer 


• 
ComJ]latlble with 8085AH and 8088 CPU 


• 
Multlfllexed 
Address and Data Bus 


• 
Avallnble in EXPRESS 
• 


-St~lIndard 
Temperature 
Range 


- 
Ex~ended Temperature 
Range 


The Intel 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate 
technology (HMOS), to be used in the 8085AH and 8088 micrclprocessor systems. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit 
use with no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 have maximum access times of 330 ns for 
use with the 8085H·2 and the 5 MHz 8088 CPU. 


The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 


A 14·bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. 
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PC3 
Vee 


10/M 
pc. 
PC, 


PAo--1 
TIMER 
IN 
PC, 


RESET 
PCo 


AOo 
, 
256 X S 
pc. 
PB, 


STATIC 
TIMER 
OUT 
PB. 


RAM 
G 


10/M 
PB. 
• 
CE OR Ce- 
PB. 


PIlo _, 
AD 
PB3 


ALE 
WA 
PB, 


RO 
ALE 
PB, 


G 


ADo 
PBo 


WR 
AD, 
PA, 


PCo-s 
AD, 
PA. 


RESET 
TIMER 
AD3 
PAs 


AD. 
PA. 
Lvcc (+5VI 


AD. 
PA3 


TIMER 
ClK 
AD. 
PA, 


TIMER 
OUT 
Vss IOV) 
AD, 
PA, 


231719-1 
vss 
PAo 


'S155H/8155H·2 
= ~. 
8156H/8156H-2 
= CE 
231719-2 


Figure 1. Block Diagram 
Figure 2. Pin Configuration 


Symbol 
Type 
Name and Function 


RESET 
I 
RESET: Pulse provided 
by the 8085AH 
to initialize the system (connect 
to 
8085AH 
RESET OUT). Input high on this line resets the chip and initializes 
the 
three I/O ports to input mode. The width of RESET pulse should typically 
be 
two 8085AH 
clock cycle times. 


ADo-7 
I/O 
ADDRESS/DATA: 
3-state Address/Data 
lines that interface 
with the CPU 
lower 8-bit Address/Data 
Bus. The 8-bit address 
is latched 
into the address 
latch inside the 8155H/56H 
on the falling edge of ALE. The address c~ 
be 
either for the memory section 
or the I/O section 
depending 
on the 10/M input. 


The 8-bit data is either written into the chip or read from the chip, depending 
on the WR or RD input signal. 


CEorGE 
I 
CHIP ENABLE: 
On the 8155H, this pin is CE and is ACTIVE 
LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 


RD 
I 
READ CONTROL: 
Input low on this line with the Chip Enable active enables 
and ADo-7 
buffers. 
If 10/M pin is low, the RAM content 
will be read out to the 
AD bus. Otherwise 
the content 
of the selected 
I/O port or command/status 
registers 
will be read to the AD bus. 


WR 
I 
WRITE CONTROL: 
Input low on this line with the Chip Enable active causes 


the data on the Address/Data 
bus to be written to the RAM or I/O ports and 
command/status 
register, depending 
on 10/M. 


ALE 
I 
ADDRESS 
LATCH 
ENABLE: 
This control 
signal latches ~th 
the address on 
the ADo-7 
lines and the state of the Chip Enable and 10/M into the chip at the 
falling edge of ALE. 


10/M 
I 
I/O MEMORY: 
Selects 
memory if low and I/O and command/status 
registers 
if high. 


PAO-7 (8) 
I/O 
PORT A: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 
selected 
by programming 
the command 
register. 


PBO-7 (8) 
I/O 
PORT B: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 
selected 
by programming 
the command 
register. 


PCo-s (6) 
I/O 
PORT C: These 6 pins can function 
as either input port, output port, or as 
control 
signals for PA and PB. Programming 
is done through the command 
register. When PCo-s are used as control 
signals, they will provide the 


following: 
PCo-A 
INTR (Port A Interrupt) 
PC1-ABF 
(Port A Buffer Full) 
PC:;-A 
STB (Port A Strobe) 
PC3-B 
INTR (Port B Interrupt) 
PC4-B 
BF (Port B Buffer Full) 
PCs-B 
STB (Port B Strobe) 


TIMER IN 
I 
TIMER INPUT: Input to the timer-counter. 


TIMER OUT 
0 
TIMER OUTPUT: 
This output can be either a square wave or a pulse, 


depending 
on the timer mode. 


Vcc 
VOLTAGE: 
+5V 
supply. 


Vss 
GROUND: 
Ground reference. 


intel~ 


The 8155H/8156H contains the following: 


• 2K Bit Static RAM organized as 256 x 8 
• Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 
port (PC) 


• 14-bit timer-counter 


The 10/M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAo-7' PBO-7' 
PCo-s) or the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 10/M are all latched on- 
chip at the falling edge of ALE. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
.__ 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_________ 
..J 


NOTE: 
For detailed 
timing 
information, 
see Figure 
12 and A.C. Characteristics. 


PROGRAMMING 
OF THE COMMAND 
REGISTER 


The command register consists of eight latches. 
Four bits (0-3) define the mode of the ports, two bits 
(4-5) enable or disable the interrupt from port C 
when it acts as control port, and the last two bits 
(6-7) are for the timer. 


The command register contents can be altered at 
any time by using the I/O address XXXXXOOO 
during 
a WRITE operation with the Chip Enable active and 
10/M" = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com- 
mand register may never be read. 


The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 


The status of the timer and the I/O section can be 
polled by reading the Status Register (Address 
XXXXXOOO). 
Status word format is shown in Figure 


6. Note that you may never write to the status regis- 
ter since the command register shares the same I/O 
address and the command register is selected when 
a write to that address is issued. 


ENABLE 
PORT A 
INTERRUPT 


ENABLE 
PORT B 
INTERRUPT 
} 


1 '" ENABLE 


O. 
DISABLE 


00· 
NOP - 
00 
NOT AFFECT 
COUNTER 
OPERATION 


01· 
STOP - 
NOP IF TIMER HAS NOT STARTED; 


STOP COUNTING 
IF THE TIMER 
IS 
RUNNING 


10· 
STOP AFTER 
TC - 
STOP IMMEDIATELY 


TIMER 
COMMAND 
AFTER 
PRESENT TC IS REACHED 
(NOP 


IF TIMER 
HAS NOT STARTEDI 


" 
'" START 
- 
lOAD 
MODE AND 
CNT 
lENGTH 
AND START 
IMMEDIATELY 
AFTER 
lOADING 
(IF TIMER 1$ NOT PRESENTl Y 
RUNNING). 
IF TIMER 
1$ RUNNING. 
START 
THE 
NEW 
MODE 
AND 
CNT 
lENGTH 
IMMEOIATEL 
V AFTER 
PRESENT 
TC 
1$ REACHED. 


PORT A INTERRUPT 
REOUEST 


~ 


PORT A BUFFER 
FUll/EMPTY 
lINPUT/OUTPUT) 


PORT 
A INTERRUPT 
ENABLE 


PORT B INTERRUPT 
REQUEST 


TIMER 
INTERRUPT 
{THIS BIT 
IS LATCHED 
HIGH WHEN 
TERMINAL 
COUNT IS 
REACHED, AND IS RESET TO 
lOW 
UPON READING 
OF THE 


CIS 
REGISTER AND BY 
HARDWARE 
RESETl. 


The I/O section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 
• Command/Status 
Register (C/S)-Both 
regis- 
ters are assigned the address XXXXXOOO.The 
CIS address serves the dual purpose. 
When the CIS 
registers are selected during 
WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the CIS (XXXXXOOO)is selected during a 
READ operation, the status information of the I/O 
ports and the timer becomes available on the 
ADO-7 lines. 
• PA Register-This 
register can be programmed 
to be either input or output ports depending on 
the status of the contents of the CIS Register. 
Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The I/O pins as- 
signed in relation to this register are PAO-7.The 
address of this register is XXXXX001. 


• PB Register-This 
register functions the same 
as PA Register. The I/O 
pins assigned are 
PBO-7.The address of this register is XXXXX010. 
• PC Register-This 
register has the address 
XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out- 
put ports or as control signals for PA and PB by 
properly programming the AD2 and AD3 bits of 
the CIS register. 
When PCO-5is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec- 


ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 


When the 'C' port is programmed to either ALT3 or 
ALT4, the control signals for PA and PB are initial- 
ized as follows: 


Control 
Input Mode 
Output Mode 


BF 
Low 
Low 
INTR 
Low 
High 
STB 
Input Control 
Input Control 


IIC) Addresst 
Selection 
A7 
A6 
A5 
A4 
A3 
A2 
A1 AO 


X 
X 
X 
X 
X 
0 
0 
0 
Interval 
CommandlStatus 
Register 


X 
X 
X 
X 
X 
0 
0 
1 
General 
Purpose 
1/0 Port A 


X 
X 
X 
X 
X 
0 
1 
0 
General 
Purpose 
1/0 Port B 


X 
X 
X 
X 
X 
0 
1 
1 
Port C-General 
Purpose 


1/0 or Control 


X 
X 
X 
X 
X 
1 
0 
0 
Low-Order 
8 bits of Timer 
Count 


X 
X 
X 
X 
X 
1 
0 
1 
High 6 bits of Timer Count 
and 2 bits of Timer Mode 


X: Don't 
Care. 
t: 
1/0 Address 
must be qualified 
by CE = 1 (8156H) 
or CEO 
= 0 (8155H) 
and 101M = 1 in order to select 
the appropri- 
ate register. 
Figure 7. I/O Port and Timer Addressing Scheme 


Figure 8 shows how I/O PORTS A and B are struc- 
tured within the 8155H and 8156H: 


NOTES: 
] 
(1) Output 
Mode 
Multiplexer 
(2) Simple 
Input 
Control 
(3) Strobed 
Input 
(4) = 1 for Output 
Mode 
= 0 for Input Mode 


READ Port = (101M = 1) • (RD = 0) • (CE Active) 
• (Port Address 
Selected) 
WRITE 
Port = (101M = 1). 
(WR = 0). 
(CE Active) 
• (Port Address 
Selected) 


Pin 
ALT1 
ALT2 
ALT3 
ALT4 


PCO 
Input Port 
Output Port 
A INTR (Port A Interrupt) 
A INTR (Port A Interrupt) 


PC1 
Input Port 
Output Port 
A BF (Port A Buffer Full) 
A BF (Port A Buffer Full) 


PC2 
Input Port 
Output Port 
A STB (Port A Strobe) 
A STB (Port A Strobe) 


PC3 
Input Port 
Output Port 
Output Port 
B INTR (Port B Interrupt) 


PC4 
Input Port 
Output Port 
Output Port 
B BF (Port B Buffer Full) 


PC5 
Input Port 
Output Port 
Output Port 
B STB (Port B Strobe) 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the out· 
put ports can still be read by a READ operation 
when appropriately addressed. 


The outputs of the 8155H/8156H are "glitch-free" 
meaning that you can write a "1" to a bit position 
that was previously "1" and the level at the output 
pin will not change. 


Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by writing to the port if the port is ir;!the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 


When in the ALT 1 or ALT 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 


Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 


Figure 9 shows how the 8155H/8156H I/O ports 
might be configured in a typical MCSI!>-85system. 


PORT A 
OUTPUT 
PORT A 


1 


A INTA (SIGNALS DATA RECEIVED) 


1151H/11MH 
A SF (SIGNALS DATA READY) 


A STS (ACKNOWL. 
DATA 
RECEIVEO) 


PORT 
C 
• B STB (lOADS 
PORT 
B lATCH) 


B SF (SIGNALS 
BUFFER 
IS FULL) 


B INTR 
(SIGNALS 
BUFFER 


READY 
FOR READING) 


} 


TOIFROM 
PERIPHERAL 
INTERFACE 
I 


Figure 9. Example: 
Command Register = 00111001 


The time is a 14-bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim- 
er addresses. Bits 0-13 of the high order count reg- 
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 


76543210 


L-,--Jl 
I 


TIMER 
MODE 
MSB OF eNT LENGTH 


76543210 


! 
I 


lSB 
OF eNT LENGTH 


There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 


MODE 
BITS 


Mz 
M, 


o 
0 


START 
TERMINAL 
(TERMINAL) 


COUNT 
COUNT 
COUNT 


+ 
+ 
+ 
~----------- 


3. 
SINGLE 
PULSE 
ON 
TERMINAL 
COUNT 
tr- 


231719-10 
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Bits 6-7 
(TM2 and TM1) of command 
register 
con- 


tents 
are used to start and stop the counter. 
There 


are four commands 
to choose 
from: 


TM2 
TM1 
o 
0 
o 
1 
Nap-Do 
not affect counter operation. 
STOP-Nap 
if timer has not started; stop 


counting if the timer is running. 
STOP AFTER TG-Stop 
immediately after 


present TC is reached (Nap if timer has not 
started) 
START-Load 
mode and CNT length and 


start immediately after loading (if timer is not 
presently running). If timer is running, start 
the new mode and CNT length immediately 
after present TC is reached. 


Note 
that 
while 
the 
counter 
is counting, 
you 
may 


load a new count 
and mode 
into the count 
length 


registers. 
Before 
the 
new count 
and mode 
will be 


used by the counter, 
you must 
issue a START 
com- 


mand to the counter. 
This applies 
even though 
you 


may only want to change 
the count and use the pre- 


vious mode. 


In case of an odd-numbered 
count, 
the first half-cy- 
cle of the squarewave 
output, 
which 
is high, is one 


count 
longer 
than 
the 
second 
(low) 
half-cycle, 
as 


shown 
in Figure 
12. 


NOTE: 
5 and 4 refer to the number of clocks in that time peri- 
od. 


Figure 
12. Asymmetrical 
Square-Wave 
Output 
Resulting 
from 
Count 
of 9 


The 
counter 
in the 
8155H 
is not initialized 
to any 


particular 
mode or count when hardware 
RESET oc- 


curs, but FIESET does stop the counting. 
Therefore, 


counting 
cannot 
begin 
following 
RESET 
until 
a 


START 
command 
is issued via the CIS 
register. 


Please 
ncte 
that 
the 
timer 
circuit 
on the 8155HI 


8156H 
chip is designed 
to be a square-wave 
timer, 
not 
an 
event 
counter. 
To 
achieve 
this, 
it counts 


down 
by twos twice 
in completing 
one cycle. 
Thus, 


its registers 
do not contain values directly 
represent- 
ing the number 
of TIMER 
IN pulses 
received. 
You 


cannot 
load an initial value of 1 into the count regis- 


ter and cause 
the timer to operate, 
as its terminal 


count 
value 
is 10 (binary) 
or 2 (decimal). 
(For the 


detection 
of single pulses, it is suggested 
that one of 


the hardware 
interrupt 
pins on the 8085AH 
be used.) 


After 
the timer has started 
counting 
down, 
the val- 


ues residing 
in the count 
registers 
can be used to 


calculate 
the actual 
number 
of TIMER 
IN pulses 
re- 


quired to complete 
the timer cycle if desired. 
To ob- 


tain the remaining 
count, perform 
the following 
oper- 


ations in order: 


1. Stop the count 


2. Read 
in the 
16-bit 
value 
from 
the 
count 
length 


registers 


3. Reset the upper two mode bits 


4. Reset the carry and rotate right one position 
all 16 


bits through 
carry 


5. If carry is set, add % of the full original 
count (% 


full count-1 
if full count 
is odd). 


NOTE: 


If you started 
with an odd count 
and you read the 


count 
length 
register 
before 
the 
third 
count 
pulse 


occurs, 
you will not be able to discern 
whether 
one 


or two counts 
has occurred. 
Regardless 
of this, the 


8155H/56H 
always 
counts 
out the right number 
of 


pulses in generating 
the TIMER 
OUT waveforms. 


8085AH 
MINIMUM 
SYSTEM 
CONFIGURATION 


• 2K Bytes EPROM 


• 38 I/O Pins 
• 1 Interval Timer 
• 4 Interrupt Levels 
Figure 13a shows a minimum system using three 
chips, containing: 


• 256 Bytes RAM 
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Figure 13b shows 
a five chip system 
containing: 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 
1 Interval 
Timer 


• 
2 Interrupt 
Levels 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
~A 


III 
Input Leakage 
±10 
~A 
OV:s;; VIN:S;; Vee 


ILO 
Output Leakage Current 
±10 
p.A 
0.45V 
:s;;Your 
:s;;Vee 


Ice 
Vee Supply Current 
125 
mA 


III (CE) 
Chip E<nable Leakage 
8155H 
+100 
~A 
OV:s;; VIN :s;;Vee 


8156H 
-100 
~A 


Symbol 
Parameter 
8155H/8156H 
8155H-2/8156H-2 
Units 


Min 
Max 
Mln 
Max 


tAL 
Address 
to Latch Setup Time 
50 
30 
ns 


tLA 
Address 
Hold Time after Latch 
80 
30 
ns 


tle 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tRO 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tlO 
Latch to Data Out Valid 
350 
270 
ns 


tAD 
Address 
Stable to Data Out Valid 
400 
330 
ns 


tll 
Latch Enable Width 
100 
70 
ns 


tROF 
Data Bus Float after READ 
0 
100 
0 
80 
ns 


tel 
READ/WRITE 
Control to Latch Enable 
20 
10 
ns 


tell 
WRITE Control to Latch Enable for CIS Register 
125 
125 
ns 


tee 
READ/WRITE 
Control Width 
250 
200 
ns 


tow 
Data In to WRITE Setup Time 
150 
100 
ns 


two 
Data In Hold Time after WRITE 
25 
25 
ns 


tRY 
Recovery 
Time between 
Controls 
300 
200 
ns 


twP 
WRITE to Port Output 
400 
300 
ns 
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Symbol 
Parameter 
8155H/815EiH 
8155H·2/8156H·2 
Units 
Mln 
"'lax 
Mln 
Max 


tpR 
Port Input Setup Time 
70 
50 
ns 


tRP 
Port Input Hold Time 
50 
10 
ns 


tSBF 
Strobe to Buffer Full 
400 
300 
ns 


tss 
Strobe Width 
200 
150 
ns 


tRBE 
READ to Buffer Empty 
400 
300 
ns 


tSI 
Strobe to INTR On 
400 
300 
ns 


tRDI 
READ to INTR Off 
400 
300 
ns 


tpss 
Port Setup Time to Strobe 
50 
0 
ns 


tpHS 
Port Hold Time After Strobe 
120 
100 
ns 


tSBE 
Strobe to Buffer Empty 
400 
300 
ns 


tWBF 
WRITE to Buffer Full 
400 
300 
ns 


tWI 
WRITE to INTR Off 
400 
300 
ns 


tTL 
TIMER-IN 
to TIMER-OUT 
Low 
400 
300 
ns 


tTH 
TIMER-IN 
to TIMER-OUT 
High 
400 
300 
ns 


tRDE 
Data Bus Enable from READ Control 
10 
10 
ns 


tl 
TIMER-IN 
Low Time 
80 
40 
ns 


t2 
TIMER-IN 
High Time 
120 
70 
ns 


tWT 
WRITE to TIMER-IN 
360 
200 
ns 
(for writes which start counting) 


2.4=<2.0> 
TESTPOINTS<2.0:<= 


0.1 
0.1 
0.45 
_ 
[ 


DEVICE 
UNDER 
TEST 
Ic, = 150pF 


231719-14 
A.C. testing: inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 
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NOTE: 
1. The timer output 
is periodic 
if in an automatic 
reload 
mode (M1 Mode bit = 1). 
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intel4D 
8185/8185-2 
1024 x 8-BIT STATIC RAM F:ORMCS®-85 


• 
Multiplexed Address and Data Bus 


• 
Directly Compatible with 8085AH and 
8088 Microprocessors 


• 
Low Operating Power Dissipation 


• 
Low Sitandby Power Dissipation 


• 
Single + 5V Supply 
• 
High [)ensity 
18-Pin Package 


The Intel 8185 is an 8192-bit 
static random access memory 
(RAM) organized 
as 1024 words by 8-bits using N- 


channel 
Silicon-Gate 
MOS technology. 
The multiplexed 
address 
and data bus allows 
the 8185 to interface 


directly 
to the 8085AH 
and 8088 microprocessors 
to provide 
a maximum 
level of system 
integration. 


The 8185-2 is a high-speed 
selected 
version 
of the 8185 that is compatible 
with the 5 MHz 8085AH-2 
and the 
5 MHz 8088. 


DATA 
BUS 
MWRR 


111 •• 
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Figure 2. Pin Configuration 


ADo-AD? 
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CS 
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CE2 
ALE 
WR 


Address/Data 
Lines 


Address 
Lines 
Chip Select 
Chip Enable (IO/M) 
Chip Enable 
Address 
Latch Enable 
Write Enable 
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The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 


At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo-7' Aa and Ag, and the 
status'of GEl and GE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both GEl and GE2 are active, the 8185 
powers itself up, but no action occurs until the CS 
line goes low and the appropriate RD or WR control 
signal input is activated. 


The GS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de- 
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
GEl and GE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con- 
nection would be to wire the 8085A's 10/M line to 
the 8185's GEl input, thereby keeping the 8185 
powered down during I/O and interrupt cycles. 


Table 1.Truth Table for 
Power Down and Function Enable 


CE1 
CE2 
Cs 
(05')(2) 
8185 Status 


1 
X 
X 
0 
Power Down and 
Function Disable(l) 


X 
0 
X 
0 
Power Down and 
Function Disable(l) 


0 
1 
1 
0 
Powered Up and 
Function Disable(l) 


0 
1 
0 
1 
Powered Up and 
Enabled 


NOTES: 
X = Don't Care. 
1: Function Disable implies Data Bus in high impedance 
state and not writing. 
2: CS' = (CE, = 0) X (CE2 = 1) x (CS = 0). 
CS' 
= 1 signifies all chip enables and chip select ac- 


tive. 


Table 2. Truth Table for 
Control and Data Bus Pin Status 


(CS') RD WR ADo-7 During Data 8185 Function 
Portion of Cycle 


0 
X 
X 
Hi-Impedance 
No Function 


1 
0 
1 
Data from Memory 
Read 


1 
1 
0 
Data to Memory 
Write 


1 
1 
1 
Hi-Impedance 
Reading, but not 
Driving Data Bus 


NOTE: 
X = Don't Care. 
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IAPX 88 FIVE CHIP SYSTEM: 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 38 I/O Pins 


• 
1 Internal 
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• 
2 Interrupt 
Levels 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 2 mA 


VOH 
Output High Voltage 
2.4 
IOH = -400/LA 


IlL 
Input Leakage 
±10 
/LA 
OV:s; VIN:S; Vcc 


ILO 
Output Leakage Current 
±10 
/LA 
0.45V 
:s;VOUT :s;Vcc 


Icc 
Vcc Supply Current 
100 
mA 
Powered 
Up 


Powered 
Down 
35 
mA 


Symbol 
Parameter 
8185 
8185·2 


Mln 
Max 
Mln 
Max 
Units 


tAL 
Address 
to Latch Set Up Time 
I 
50 
30 
ns 


tLA 
Address 
Hold Time After Latch 
80 
30 
ns 


tLC 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tAO 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tLO 
ALE to Data Out Valid 
300 
200 
ns 


tLL 
Latch Enable Width 
100 
70 
ns 


tAOF 
Data Bus Float After READ 
0 
100 
0 
80 
ns 


teL 
READ/WRITE 
Control to Latch Enable 
20 
10 
ns 


tcc 
READ/WRITE 
Control Width 
250 
200 
ns 


tow 
Data In to WRITE Set Up Time 
150 
150 
ns 


two 
Data In Hold Time After WRITE 
20 
20 
ns 


tsc 
Chip Select Set Up to Control 
Line 
10 
10 
ns 


tes 
Chip Select Hold Time After Control 
10 
10 
ns 


tALCE 
Chip Enable Set Up to ALE Falling 
30 
10 
ns 


tLACE 
Chip Enable Hold Time After ALE 
50 
30 
ns 


irl~~ 
8185/8185-2 
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DEVICE 
UNDER 
TEST 
,------I 
2.•=X 
x= 


2.0 
20 


O,> TEST 
POINTS < o. 


0.45 
------------ 
iCL = 150pF 
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A.C. TesUng: Inputs Are Driven at 2.4V for a Logic "1" and 
0.45V for a Logic "0." TIming Measurements Are Made at 
2.0V for a Logic "1" and O.BVfor a Logic "0." 
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8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


• 
Single Chip Clock Generator/Driver 
for 
8080A CPU 


• 
Power-Up 
Reset for CPU 


• 
Ready Synchronizing 
Flip-Flop 


• 
.Advanced 
Status Strobe 


• 
Oscillator 
Output for External 
System 
Timing 


• 
Crystal 
Controlled 
for Stable 


System 
Operation 


• 
Reduces 
System 
Package 
Count 


• 
Available 
in EXPRESS 
- 
!;tandard 
Temperature 
Range 


• 
Available 
in 16-Lead 
Cerdip 
Package 


(See Packaging 
Spec, 
Order 
#231369) 


The Intel 8224 is a single chip clock generator/driver 
for the 8080A CPU. It is controlled 
by a crystal, 
selected 


by the designer 
to meet a variety 
of system 
speed 
requirements. 


The 8224 provides 
the designer 
with a significant 
reduction 
of packages 
used to generate 
clocks 
and timing 


for 8080A. 


IE>XTAll 
osc 
m> 
IJ1:>' 
XTAl2 


[iD 
TANK 


•• 
DD 


CLOCK 


GEN. 
+, 
IE> 
+9 


+,(TTL) [[) 


CE> 
SYNC 
STSTB CD 


[[> 
RESIN 


RESET 
ID 


[[)o 
RDYIN 
READY IT> 
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Figure 1. Block Diagram 
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RESIN 
Reset 
Input 


RESET 
Reset Output 


RDYIN 
Ready 
Input 


READY 
ReadyOuljlut 


SYNC 
Sync 
Input 


STSTB 
Status 
STB 


(Active 
low) 


cj>1 
} 
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cj>2 
Clocks 
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} 
Connections 
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cj>2(TTL) 
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(TTl 
level) 


Vcc 
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GND 
OV 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature! 
Under Bias 
O°C to + 70°C 


Storage 
Temperature 
- 65°C to + 150°C 


Supply Voltage, 
Vee 
-0.5V 
to + 7V 


Supply Voltage, 
VDD 
-0.5V 
to + 13.5V 


Input Voltage 
-1.5V 
to + 7V 


Output Current 
100 mA 


D.C. CHARACTERISTICS 
TA = 
O°C to + 70°C, Vee 
= 
+5.0V 
±5%, 
VDD = 
+ 12V ±5% 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 
Mln 
Typ 
Max 


IF 
Input Current 
Loading 
-0.25 
mA 
VF = 0.45V 


IR 
Input Leakage Current 
10 
/LA 
VR = 5.25V 


Ve 
Input Forward Clamp Voltage 
1.0 
V 
le= 
-5mA 


VIL 
Input "Low" 
Voltage 
0.8 
V 
Vee = 5.0V 


VIH 
Input "High" 
Voltage 
2.6 
V 
Reset Input 


2.0 
V 
All Other Inputs 


VIH-VIL 
RESIN Input Hysteresis 
0.25 
V 
Vee = 5.0V 


VOL 
Output "Low" 
Voltage 
0.45 
V 
(</>1, </>2), Ready, Reset, STSTB 
IOL = 2.5 mA 


0.45 
V 
All Other Outputs 
IOL = 
15 mA 


VOH 
Output "High" 
Voltage 


</>1.</>2 
9.4 
V 
IOH = 
-100/LA 


READY,RESET 
3.6 
V 
IOH = 
-100/LA 


All Other Outputs 
2.4 
V 
IOH = 
-1 
mA 


Ice 
Power Supply Current 
115 
mA 


IDD 
Power Supply Current 
12 
mA 


NOTE: 
1. For crystal frequencies of 18 MHz connect 510n 
resistors between the X1 input and ground as well as the X2 input and 


ground to prevent oscillation at harmonic frequencies. 


Crystal Requirements 


Tolerance: 
0.005% 
at 0°C-70°C 


Resonance: 
Series 
(Fundamental)' 


Load Capacitance: 
20 pF-35 
pF 


Equivalent 
Resistance: 
750-200 


'NOTE: 
With tank circuit 
use 3rd overtone 
mode. 
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Limits 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Typ 
Max 


tcj>l 
4>1Pulse Width 
2tcy 
- 
- 
20ns 
9 


tcj>2 
4>2Pulse Width 
5tcy 
- 
- 
35ns 
9 


t01 
4>1to 4>2Delay 
0 


t02 
4>2to 4>1Delay 
2tcy 
ns 
CL = 20 pF to 50 pF 
- 
-14ns 
9 


t03 
4>1to 4>2Delay 
2tcy 
2tcy 
- 
+ 20ns 
9 
9 


tR 
4>1and 4>2Rise Time 
20 


tF 
4>1and 4>2Fall Time 
20 


tOcj>2 
4>2to 4>2(TIl) 
Delay 
-5 
+15 
ns 
4>2TIl, 
Cl = 30 


R1 = 3000 
R2 = 6000 


toss 
4>2to STSTB Delay 
6tcy 
6tcy 
- 
- 
30ns 
ns 
9 
9 


tpw 
STSTB Pulse Width 
tcy 
STSTB. CL = 15 pF 
- 
- 
15 ns 
9 
R1 = 2K 


RDYIN Setup Time to 
4tcy 
R2 = 4K 
tORS 
50ns 
-- 
ns 
Status Strobe 
9 


tORH 


RDYIN Hold Time 
4tcy 


afterSTSTB 
9 


tOR 
RDYIN or RESIN to 
4tcy 
Ready & Reset 
- 
- 
25ns 
4>2Delay 
9 
CL = 10 pF 
ns 
R1 = 2K 
R2 = 4K 


teLK 
ClK 
Period 
tcy 
ns 
9 


"" 


fmax 


Maximum 
Oscillating 
27 
MHz 
Frequency 


Cin 
Input Capacitance 
8 
pF 
Vcc = +5.0V 
VOO = +12V 
VSIAS = 2.5V 
f = 1 MHz 


NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at ley = 488.28 ns. 
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A.C. CHA.RACTERISTICS 
(Continued) 


For tev = 488.28 
ns; TA = O·C to 70·C, Vcc = 
+ 5V ± 5%, VOO = 
+ 12V ± 5% 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 


Mln 
Typ 
Mllx 


t4>1 
4>1Pulse Width 
89 
ns - 
tev = 488.28 ns 


t4>2 
4>2Pulse Width 
236 
ns 


t01 
Delay 4>1to 4>2 
0 
ns 


t02 
Delay 4>2to 4>1 
95 
ns 
4>1& 4>2Loaded to 


t03 
Delay 4>1to 4>2Leading Edges 
109 
1:!9 
ns 
CL = 20 pF to 50 pF 


tr 
Output Rise Time 
20 
ns 


tf 
Output Fall Time 
20 
ns - 


toss 
4>2to ~ 
Delay 
296 
3:!6 
ns 


t04>2 
4>2to 4>2(TIL) 
Delay 
-5 
+15 
ns 


tpw 
Status Strobe Pulse Width 
40 
ns 
Ready & Reset Loaded 


tORS 
RDYIN Setup Time to SiSTB 
-167 
ns 
to 2 mA/10 
pF 


All measurements 
tORH 
RDYIN Hold Time after STSfB 
217 
ns 
referenced 
to 1.5V 


tOR 
READY or RESET 
192 
ns 
unless specified 


to 4>2Delay 
otherwise. 


fMAX 
Oscillator 
Frequency 
18.432 
MHz 


A.C. TESTING, 
INPUT, 
OUTPUT 
WAVEFORM 


2,.-)( 
x= 


2.0 
2.0 
> TEST 
POINTS < 
0.8 
0.8 


0.45 -- 
------- 
231464-3 


A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". TIming measurements are made at 2.0V for a 
logic "1" and 0.8V for a logic "0" (unless otherwise noted). 
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~y~ 
II:M \,;UNI tiULLl:ti ANIUtJU~ 
utilyeti 
FOR 8080A CP'U 


• 
User Selected 
Single Level Interrupt 
Vectl()r (RST 7) 


• 
Available 
in EXPRESS 
- 
St;andard Temperature 
Range 


• 
Available 
In 28-Lead 
Cerdip and Plastic 


Packages 


(See 
Packaging 
Spec, 
Order 
#231369) 


• 
Single Chip System 
Control 
for 
MCS®-80 
Systems 


• 
Built-In 
Bidirectional 
Bus Driver for 
Data Bus Isolation 


• 
Allows the Use of Multiple 
Byte 
Instructions 
(e.g. CALL) for Interrupt 
Acknowledge 


• 
Reduces 
System 
Package 
Count 


The Intel 8228 is a single chip system controller and bus driver for MCS@·80.It generates all signals required 
to directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 
data bus from memory and I/O. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and I/O. The isolation of the bus driver also provides for enhanced system 
noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct contrt)1signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 


NOTE: 
The specifications for the 3228 are identical with those for the 8228. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage, 
Vcc 
-0.5Vto 
+7V 


Input Voltage 
-1.5 
to + 7V 


Output Current 
100 mA 


Limits 
Symbol 
Parameter 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


Vc 
Input Clamp Voltage, 
0.75 
-1.0 
V 
Vcc = 4.75V; Ic = -5 
mA 


All Input 


IF 
Input Load Current 
STSTB 
500 
IJ-A 
Vcc = 5.25V 


02& 
06 
750 
IJ-A 
VF = 0.45V 


00.0,,04. 
250 
IJ-A 
05&07 


All Other Inputs 
250 
IJ-A 


IR 
Input Leakage 
Current 
STSTB 
100 
IJ-A 
Vcc = 5.25V 


OBo-OB7 
20 
IJ-A 
VR = 5.25V 


All Other Inputs 
100 
IJ-A 


VTH 
Input Threshold 
0.8 
2.0 
V 
Vcc = 5V 
Voltage, 
All Inputs 


Icc 
Power Supply Current 
140 
190 
mA 
Vcc = 5.25V 


VOL 
Output 
Low Voltage 
00-07 
0.45 
V 
Vcc = 4.75V; 10L = 2 mA 


All Other Outputs 
0.45 
V 
10L = 10 mA 


VOH 
Output 
High Voltage 
00-07 
3.6 
3.8 
V 
Vcc = 4.75V; 10H = -10IJ-A 


All Other Outputs 
2.4 
V 
10H = -1 
mA 


los 
Short Circuit Current, All Outputs 
15 
90 
mA 
Vcc = 5V 


10 (off) 
Off State Output Current 
100 
IJ-A 
Vcc = 5.25V; Vo = 5.25V 


All Control Outputs 
-100 
IJ-A 
Vo = 0.45V 


liNT 
INTA Current 
5 
mA 
(See INTA Test Circuit) 


NOTE: 
,. Typical values are for TA = 25"C and nominal supply voltages. 
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CAPACITANCE 
VSIAS = 2.5V, vcc 
= 5.0V, TA = 25°C, f = 1 MHz 
1. This parameter 
is periodically 
sampled 
and not 100% 
tested. 


L,lmlts 
Symbol 
Parameter 
Typ(1) 
Unit 
Mln 
Max 


CIN 
Input Capacitance 
8 
12 
pF 


COUT 
Output Capacitance 
7 
15 
pF 
Control Signals 


I/O 
I/O Capacitance 
8 
15 
pF 
(0 or DB) 


Symbol 
Parameter 
Limits 
Unit 
Conditions 
Mln 
Max 


tpw 
Width of Status Strobe 
22 
ns 


tss 
Setup Time, Status Inputs 00-07 
8 
ns 


tSH 
Hold Time, Status Inputs 00-07 
5 
ns 


toe 
Delay from STSTB to any Control Signal 
20 
60 
ns 
Cl = 100pF 


tRR 
Delay from DBIN to Control Outputs 
30 
ns 
Cl = 100 pF 


tRE 
Delay from DBIN to Enable/Disable 
8080 Bus 
45 
ns 
Cl = 25 pF 


tRO 
Delay from System 
Bus to 8080 Bus during Read 
30 
ns 
Cl = 25 pF 


tWR 
Delay from WR to Control Outputs 
5 
45 
ns 
Cl = 100 pF 


tWE 
Delay to Enable System 
Bus DBo-DB7 
after STSTB 
30 
ns 
Cl = 100 pF 


two 
Delay from 8080 Bus 00-07 
to System 
Bus 
5 
40 
ns 
Cl = 100 pF 
DBo-DB7 
during Write 


tE 
Delay from System 
Bus Enable to System Bus DBo-DB7 
30 
ns 
Cl 
- 
100 pF 


tHO 
HLDA to Read Status Outputs 
25 
ns 


tos 
Setup Time, System 
Bus Inputs to HLDA 
10 
ns 


tOH 
Hold Time, System Bus Inputs to HLDA 
20 
ns 
Cl = 100 pF 
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VOLTAGE 
MEASUREMENT 
POINTS: 
00-07 
(when 
outputs) 
Logic "0" 
sured 
at 1.5V. 


• 
2048 Words 
x 8 Bits 


• 
Single + SV Power Supply (VCC) 


• 
Directly 
Compatible 
with 808SAH 


• 
U.V. Erasable 
and Electrically 
Reprogrammable 


• 
Internal 
Address 
Latch 


• 
2 General 
Purpose 
8-Blt I/O Ports 


• 
Each I/O Port Line Individually 
Programmable 
as Input or Output 


• 
Multiplexed 
Address 
and Data Bus 


• 
40-Pln DIP 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
E):tended 
Temperature 
Range 


The Intel 8755A is an erasable 
and electrically 
reprogrammable 
ROM (EPROM) 
and I/O chip to be used in the 


8085AH 
microprocessor 
systems. 
The EPROM portion is organized 
as 2048 words by 8 bits. It has a maximum 


access 
time of 450 ns to permit 
use with no wait states in an 8085AH 
CPU. 


The I/O portion consists 
of 2 general 
purpose 
I/O ports. Each I/O port has 8 port lines, and each I/O port line 


is individually 
programmable 
as input or output. 
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AD4 
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Symbol 
Type 
Name and Function 


ALE 
I 
ADDRESS 
LATCH 
ENABLE: 
When Address 
latch 
Enable goes high, ADo_ Z!.. 


101M, AB-10, ~ 
and CE1 enter the address 
latches. The signals, (AD, 101M, 
ADB-10, CE2, CE1) are latched 
in at the trailing edge of ALE. 


ADo-7 
I 
BIDIRECTIONAL 
ADDRESS/DATA 
BUS: The lower 8 bits of the PROM or I/O 
address 
are applied to the bus lines when ALE is high. 
During an liD cycle, Port A or B is selected 
based on the latched value of ADo. 
IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 


ADB-10 
I 
ADDRESS 
BUS: These are the high order bits of the PROM address. They do 
not affect I/O operations. 


PROG/CE1 
I 
CHIP ENABLE 
INPUTS: CEl is active low and CE2 is active high. The 8755A 
CE2 
can be accessed 
only when both Chip Enables are active at the time the ALE 
signal latches them up. If either Chip Enable input~ot 
active, the ADo-7' 
and 
READY ouputs will be in a high impedance 
state. CE1 is also used as a 
programming 
pin. (See section 
on programming.) 


101M 
I 
I/O MEMORY: 
If the latched 
101M is high when RD is low, the output data 
comes from an liD port. If it is low the output data comes from the PROM. 


RD 
I 
READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled 
and output either the selected 
PROM location 
or 
liD port. When both RD and lOR are high, the ADo_7 output buffers are 3- 
stated. 


lOW 
I 
I/O WRITE: 
If the latched Chip Enables are active, a low on lOW causes the 
output port pointed to by the latched value of ADo to be written with the data on 
ADo-7. The state of 101M is ignored. 


ClK 
I 
CLOCK: 
The ClK 
is used to force the READY into its high impedance 
state 
after it has been forced low by CE1 low, CE2 high, and ALE high. 


READY 
0 
READY 
is a 3-state output controlled 
by CE1, CE2, ALE and ClK. 
READY is 
forced 
low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next ClK. 
(See Figure 6c.) 


PAO-7 
liD 
PORT A: These are general purpose liD pins. Their input/output 
direction 
is 
determined 
by the contents 
of Data Direction 
Register 
(DDR). Port A~ 
selected 
for write operations 
when the Chip Enables are active and lOW is low 
and a 0 was previously 
latched from ~ 
AD1. 


Read Operation 
is s~ected 
by either lOR low and active Chip Enables and ADo 
and AD1 low, or 101M high, RD low, active Chip Enables, 
and ADo and AD1 
low. 


PBO-7 
liD 
PORT B: The general purpose liD port is identical to Port A except that it is 
selected 
by a 1 latched from ADo and a 0 from AD1. 


RESET 
I 
RESET: In normal operation, 
an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 


lOR 
I 
I/O READ: When the Chip Enables are active, a low on lOR will output the 
selected liD port onto the AD bus. lOR low performs 
the same function 
as the 
combination 
of 101M high and RD low. When lOR is not used in a system, 
lOR 
should be tied to Vcc ("1 "). 


Vcc 
POWER: + 5V supply. 


Vss 
GROUND: 
Reference. 


Voo 
POWER SUPPLY: 
Voo is a programming 
voltage, 
and must be tied to Vcc 
when the 8755A is being read. 
For programming, 
a high voltage 
is supplied 
with Voo = 25V, typical. (See 
section on programming.) 


The 8755A contains an 8-bit address latch which 
allows it to 
interface directly to 
MCS@-48 and 
MCS@-85processors without additional hardware. 


The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CE1and CE2are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 10/M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro- 
vided that Voo is tied to Vccl. 


The I/O section of the chip is addressed by the 
latched value of ADo-1. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out- 
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding I/O port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre- 
sponding I/O port bit is in the output mode. In this 
manner the I/O ports of the 8755A are bit-by-bit pro- 
grammable as inputs or outputs. The table summa- 
rizes port and DDR designation. DDR's cannot be 
read. 


AD1 
ADo 
Selection 


0 
0 
Port A 
0 
1 
Port B 
1 
0 
Port A Data Direction Register (DDR A) 
1 
1 
Port B Data Direction Register (DDR B) 


When lOW goes low and the Chip Enables are ac- 
tive, the data on the ADo-7 is written into I/O port 
selected by the latched value of ADo-l. During this 
operation all I/O bits of the selected port are affect- 
ed, regardless of their I/O mode and the state of 10/ 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 


A port can be read out when the latched Chip En- 
ables are active and either RD goes low with 10/M 
high, or RJR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 


'To clarify the function of the I/O Ports and Data Di- 
rection Registers, the following diagram shows the 
configura~ionof one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 


231735-3 
WRITE 
P/l = (lOW = 0) • (CHIP ENABLES 
ACTIVE) 
• (PORT 
A 
ADDRESS 
SELECTED) 
WRITE 
DDR A ~ (KlW ~ 0) • (CHIP ENABLES 
ACTIVE) 
• (DDR 
A ADDRESS 
SELECTED) 
READ 
PA 
~ 
(101M = 
1). 
(RD = 0) + (iOR = O)l • (CHIP 
ENABLES 
ACTIVE) 
• (PORT 
A ADDRESS 
SELECTED) 


NOTE: 
Write 
PA is not qualified 
by 101M. 


Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that ':hedata can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 


The diagram also shows that the contents of PORT 
A and PORT B can be read even when the ports are 
configured as outputs. 
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The erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (1\). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la- 
bels are available from Intel which should be placed 
over the 8755A window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 8755A 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (Le., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 /J-W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 


Initially, and after each erasure, all bits of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program- 
ming "0" 
into the desired bit locations. A pro- 
grammed "0" can only be changed to a "1" by UV 
erasure. 


The 8755A can be programmed on the Intel Univer- 
sal Programmer (iUP), and iUPF8744A programming 
module. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia- 
gram. In the verify 
cycle (I.~., normal 
memory 
read cycle) 'Voo' should be at + 5V. 


System Interface 
with 8085AH 


A system using the 8755A can use either one of the 
two I/O Interface techniques: 
• Standard I/O 
• Memory Mapped I/O 


If a standard I/O technique is used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines All-15 
and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure 4. 


If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 10iM using ADe-15 address 
lines. See Figure 3. 
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Figure 3. 8755A In 8085AH System 
(Memory-Mapped I/O) 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, Vee = Voo = 5V ±5% 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 
Vee = 5.0V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 
Vee = 5.0V 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
IJ-A 


III 
Input Leakage 
10 
IJ-A 
Vss 
~ VIN ~ Vee 


ILO 
Output 
Leakage Current 
±10 
IJ-A 
0.45V ~ VOUT ~ Vee 


Ice 
Vee Supply Current 
180 
mA 


100 
Voo Supply Current 
30 
mA 
Voo = Vee 


CIN 
Capacitance 
of Input Buffer 
10 
pF 
fe = 1IJ-Hz 


ClIO 
Capacitance 
of I/O Buffer 
15 
pF 
fe = 1IJ-Hz 


D.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vec = 5V ±5%, 
Vss = OV, Voo = 25V 
±1V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


Voo 
Programming 
Voltage 
(during Write to EPROM) 
24 
25 
26 
V 


100 
Prog Supply Current 
15 
30 
mA 
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A.C. CHARACTERISTICS 
TA = O'C to 70'C. 
vcc 
= 5V ±5% 


8755A 
Symbol 
Parameter 
Unit 
Mln 
Max 


teyC 
Clock Cycle Time 
320 
ns 


T1 
ClK 
Pulse Width 
80 
ns 


T2 
ClK 
Pulse Width 
120 
ns 


tf. tr 
ClK 
Rise and Fall Time 
30 
ns 


tAL 
Address 
to latch 
Set Up Time 
50 
ns 


tLA 
Address 
Hold Time after latch 
80 
ns 


tlC 
latch 
to READ/WRITE 
Control 
100 
ns 


tRD 
Valid Data Out Delay from READ Control' 
170 
ns 


tAD 
Address 
Stable to Data Out Valid" 
450 
ns 


tll 
latch 
Enable Width 
100 
ns 


tRDF 
Data Bus Float after READ 
0 
100 
ns 


tel 
READ/WRITE 
Control to latch 
Enable 
20 
ns 


tec 
READ/WRITE 
Control Width 
250 
ns 


tow 
Data in Write Set Up Time 
150 
ns 


two 
Data in Hold Time after WRITE 
30 
ns 


twP 
WRITE to Port Output 
400 
ns 


tpR 
Port Input Set Up Time 
50 
ns 


tRP 
Port Input Hold Time to Control 
50 
ns 


tRYH 
READY HOLD Time to Control 
0 
160 
ns 


tARY 
ADDRESS 
(CE) to READY 
160 
ns 


tRV 
Recovery 
Time between 
Controls 
300 
ns 


tRDE 
READ Control to Data Bus Enable 
10 
ns 


NOTES: 
CLOAD= 150 pF. 
'Or TAD - 
(TAL + TLe>.whichever is greater. 


"Defines 
ALE to Data Out Valid in conjunction with TAL. 


A.C. CHARACTERISTICS-PROGRAMMING 
TA = O'C to 70'C, 
Vcc = 5V ±5%. 
Vss = OV, VDD = 25V 
±"IV 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


tps 
Data Setup Time 
10 
ns 


tpD 
Data Hold Time 
0 
ns 


ts 
Prog Pulse Setup Time 
2 
/Ls 


tH 
Prog Pulse Hold Time 
2 
/Ls 


tpR 
Prog Pulse Rise Time 
0.01 
2 
/Ls 


tpF 
Prog Pulse Fall Time 
0.01 
2 
/Ls 


tpRG 
Prog Pulse Width 
45 
50 
ms 


2.,=x 
x= 


2.0 
2.0 


D.'> TEST 
POINTS < D.' 


0.45 
----------. 


DEVICE 
UNDER 
TEST 
Ic, = 150pF 
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A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing Measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 
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80186/80188 
HIGH-INTEGRATION 
16-BIT MICIROPROCESSORS 
• Integrated 
Feature Set 
• Completely Object Code Compatible 
- 
Enhanced 8086-2 CPU 
with All Existing 8086, 8088 Software 
- 
Clock Generator 
-10 
New Instruction 
Types 
- 
2 Independent 
DMA Channels 
• Complete System Development 
- 
Programmable 
Interrupt Controller 
Support 
- 
3 Programmable 
16-bit Timers 
- 
Development Software: ASM 86 
- 
Programmable 
Memory and 
Assembler, PL/M-86, C-86, and 
Peripheral Chip-Select Logic 
System Utilities 
- 
Programmable 
Wait State Generator 
-In-Circuit-Emulator 
- 
Local Bus Controller 
Numel'ics Coprocessing 
Capability 
Available in 10 MHz and 8 MHz 
• 
• 
Through 8087 Interface 
Versions 
Available in 68 Pin: 
• 


• 
• High-Performance 
Processor 
- 
Plalitic Leaded Chip Carrier (PLCC) 
- 
4 Mbyte/Sec 
Bus Bandwidth 
- 
Ceramic Pin Grid Array (PGA) 
Interface 
@ 8 MHz (80186) 
- 
Ceramic Leadless Chip Carrier (LCC) 
- 
5 Mbyte/Sec 
Bus Bandwidth 
• Available in EXPRESS 
Interface 
@ 10 MHz (80186) 
- 
Standard Temperature with Burn-In 
• Direct Addressing 
Capability to 1 Mbyte 
- 
Extended Temperature 
Range 
of Memory and 64 Kbyte I/O 
(- 40°C to + 85°C) 
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INT2/1llm 


INT1/~ 


80186/80188 
High-Integration 
16-Bit Microprocessors 
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Symbol 
Pin 
Type 
Name and Function 
No. 


VCC 
9 
I 
SYSTEM POWER: + 5 volt power supply. 


43 


VSS 
26 
I 
System Ground. 
60 


RESET 
57 
a 
Reset Output indicates that the CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an 
integer number of clock periods corresponding to the length of the RES signal. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide extemal connections for a fundamental mode 
X2 
58 
a 
parallel resonant crystal for the internal oscillator. Instead of using a crystal, an 
external clock may be applied to X1 while minimizing stray capacitance on X2. 
The input or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 


CLKOUT 
56 
a 
Clock Output provides the system with a 50% duty cycle waveform. All device 
pin timings are specified relative to CLKOUT. 


RES 
24 
I 
An active RES causes the processor to immediately terminate its present 
activity, clear the internal logic, and enter a dormant state. This signal may be 
asynchronous to the processor clock. The processor begins fetching 
instructions approximately 6% clock :ycles after RES is returned HIGH. For 
proper initialization, Vcc must be within specifications and the clock signal must 
be stable for more than 4 clocks with RES held LOW. RES is internally 
synchronized. This input is provided with a Schmitt-trigger to facilitate power-on 
RES generation via an RC network. 


TEST 
47 
I/O 
TEST is examined by the WAIT instruction. If the TEST input is HIGH when 
"WAIT" execution begins, instructior 
execution will suspend. TEST will be 
resampled until it goes LOW, at which time execution will resume. If interrupts 
are enabled while the processor is waiting for TEST, interrupts will be serviced. 
During power-up, active RES is required to configure TEST as an input. This pin 
is synchronized internally. 


TMR IN 0 
20 
I 
Timer Inputs are used either as clock or control signals, depending upon the 
TMR IN 1 
21 
I 
programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized. 


TMROUTO 
22 
a 
Timer outputs are used to provide single pulse or continous waveform 
TMR OUT 1 
23 
a 
generation, depending upon the timer mode selected. 


DRQO 
18 
I 
DMA Request is asserted HIGH by an external device when it is ready for DMA 
DRQ1 
19 
I 
Channel 0 or 1 to perform a transfer. These signals are level-triggered and 
internally synchronized. 


NMI 
46 
I 
The Non-Maskable Interrupt input cS.usesa Type 2 interrupt. An NMI transition 
from LOW to HIGH is latched and synchronized internally, and initiates the 
interrupt at the next instruction boundary. NMI must be asserted for at least one 
clock. The Non-Maskable Interrupt cannot be avoided by programming. 


INTO 
45 
I 
Maskable Interrupt Requests can be requested by activating one of these pins. 


INT1/SELECT 
44 
I 
When configured as inputs, these pins are active HIGH. Interrupt Requests are 


INT2/INTAO 
42 
I/O 
synchronized internally. INT2 and INT3 may be configured to provide active- 


INT3/INTA1/IRQ 
41 
I/O 
LOW interrupt-acknowledge 
output !.ignals. All interrupt inputs may be 
configured to be either edge- or level-triggered. To ensure recognition, all 
interrupt requests must remain activl3 until the interrupt is acknowledged. 
When 
Slave Mode is selected, the function of these pins changes (see Interrupt 
Controller section of this data sheet). 


NOTE: 
Pin names in parentheses apply to the 80188. 
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Symbol 
Pin 
Type 
Name and Function 
No. 


A19/S6 
65 
0 
Address Bus Outputs (16-19) 
and Bus Cycle Status (3-6) indicate the four most 
A18/S5 
66 
0 
significant address bits during T1.These signals are active HIGH. During T2. T3. TW. 


A17/S4 
67 
0 
and T4, the S6 pin is LOW to indicate a CPU-initiated bus cycle or HIGH to indicate a 


A16/S3 
68 
0 
DMA-initiated bus cycle. During the same T-states. S3, S4, and S5 are always LOW. 
The status pins float during bus HOLD or RESET. 


AD15 (A15) 
1 
I/O 
Address/Data 
Bus signals constitute the time multiplexed memory or I/O address (T1) 
AD14 (A14) 
3 
I/O 
and data (T2, T3, Tw. and T4) bus. The bus is active HIGH. Ao is analogous to BHE for 


AD13 (A13) 
5 
I/O 
the lower byte of the data bus, pins D7 through Do. It is LOW during T1 when a byte is 


AD12 (A12) 
7 
I/O 
to be transferred onto the lower portion of the bus in memory or I/O operations. BHE 


AD11 (A11) 
10 
I/O 
does not exist on the 80188, as the data bus is only 8 bits wide. 


AD10 (A10) 
12 
I/O 


AD9 (A9) 
14 
I/O 


AD8 (A8) 
16 
I/O 


AD7 
2 
I/O 


AD6 
4 
I/O 


AD5 
6 
I/O 


AD4 
8 
I/O 


AD3 
11 
I/O 
AD2 
13 
I/O 
AD1 
15 
I/O 


ADO 
17 
I/O 


BHE/S7 
64 
0 
During T1the Bus High Enable signal should be used to determine if data is to be 


(S7) 
enabled onto the most significant half of the data bus; pins D15-D8. BHE is LOW 
during T1 for read, write, and interrupt acknowledge cycles when a byte is to be 
transferred on the higher half of the bus. The S7 status information is available during 
T2, T3, and T4. S7 is logically equivalent to BHE. BHE/S7 floats during HOLD. On the 
80188, S7 is high during normal operation. 


SHE and AO Encodings 
(80186 Only) 


SHE 
AO 
Function 
Value 
Value 


0 
0 
Word Transfer 


0 
1 
Byte Transfer on upper half of data bus (D15-D8) 


1 
0 
Byte Transfer on lower half of data bus (D7-DO) 


1 
1 
Reserved 


ALE/QSO 
61 
0 
Address Latch Enable/Queue 
Status 0 s provided by the processor to latch the 


address. ALE is active HIGH. Addresses are guaranteed to be valid on the trailing 
edge of ALE. The ALE rising edge is generated off the rising edge of the CLKOUT 
immediately preceding T1 of the associated bus cycle. effectively one-half clock cycle 
earlier than in the 8086. The trailing edge is generated off the CLKOUT rising edge in 
T1 as in the 8086. Note that ALE is never floated. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates that the data on the bus is to be written into a 
memory or an I/O device. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats during HOLD. When the processor is in queue status mode, the ALE/ 
QSO and WR/QS1 pins provide information about processor/instruction 
queue 


interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 


0 
1 
First opcode byte fetc ed from the queue 
1 
1 
Subsequent byte fetched from the queue 


1 
0 
Empty the queue 


NOTE: 
Pin names in parentheses apply to the 80188. 


Symbol 
Pin 
Type 
Name and Function 
No. 


RD/QSMD 
62 
I/O 
Read Strobe is an active LOW signa 
which indicates 
that the processor 
is 


performing 
a memory or I/O read cyde. 
It is guaranteed 
not to~ 
LOW 


before the AID 
bus is floated. An internal 
pull-up ensures that RD is HIGH 


during RESET. Following 
RESET the pin is sampled 
to determine 
whether 


the processor 
is to provide ALE, RD, and WR, or queue status information. 


To enable Queue Status Mode, RD must be connected 
to GND. RD will 


float during bus HOLD. 


ARDY 
55 
I 
Asynchronous 
Ready informs the processor 
that the addressed 
memory 


space or I/O device will complete 
a data transfer. 
The ARDY pin accepts 
a 


rising edge that is asynchronous 
to CLKOUT, 
and is active HIGH. The 
falling edge of ARDY must be synch onized to the processor 
clock. 


Connecting 
ARDY HIGH will always assert the ready condition 
to the CPU . 


If this line is unused, it should be tiecl LOW to yield control 
to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the pro:essor 
that the addressed 
memory 


space or I/O device will complete 
a data transfer. 
The SRDY pin accepts 
an 


active-HIGH 
input synchronized 
to CLKOUT. 
The use of SRDY allows a 
relaxed system timing over ARDY. This is accomplished 
by elimination 
of 


the one-half 
clock cycle required to internally 
synchronize 
the ARDY input 


signal. Connecting 
SRDY high will always assert the ready condition 
to the 


CPU. If this line is unused, it should be tied LOW to yield control 
to the 


ARDYpin. 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 


control 
of the system bus while LOCK is active LOW. The LOCK signal is 


requested 
by the LOCK prefix instruGtion and is activated 
at the beginning 


of the first data cycle associated 
with the instruction 
following 
the LOCK 


prefix. It remains active until the completion 
of that instruction. 
No 


instruction 
prefetching 
will occur while LOCK is asserted. 
When executing 


more than one LOCK instruction, 
always make sure there are 6 bytes of 


code between 
the end of the first LOCK instruction 
and the start of the 


second 
LOCK instruction. 
LOCK is oriven HIGH for one clock during RESET 


and then floated. 


SO 
52 
0 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 
S1 
53 
0 
information: 


S2 
54 
0 
Bus Cycle 
Status 
Information 


S2 
S1 
SO 
Bus Cycle 
Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus Gycle) 


The status pins float during HOLD. 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT /A indicator. 


NOTE: 
Pin names 
in parentheses 
apply to the 80188. 
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Symbol 
Pin 
Type 
Name and Function 
No. 


HOLD 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. The 
HLDA 
51 
0 
HOLD input is active HIGH. HOLD may be asynchronous 
with respect 
to the 


processor 
clock. The processor 
will issue a HLDA (HIGH) in response 
to a 


HOLD request at the end of T4 or Tj. Simultaneous 
with the issuance 
of 


HLDA, the processor 
will float the local bus and control 
lines. After HOLD is 


detected 
as being LOW, the processor 
will lower HLDA. When the processor 


needs to run another 
bus cycle, it will again drive the local bus and control 


lines. 


UCS 
34 
0 
Upper Memory Chip Select is an active LOW output whenever 
a memory 


reference 
is made to the defined 
upper portion 
(1K-256K 
block) of memory. 


This line is not floated 
during bus HOLD. The address 
range activating 
UCS is 


software 
programmable. 


LCS 
33 
0 
Lower Memory Chip Select is active LOW whenever 
a memory reference 
is 


made to the defined 
lower portion (1K-256K) 
of memory. This line is not 


floated 
during bus HOLD. The address 
range activating 
LCS is software 


programmable. 


MCSO 
38 
0 
Mid-Range 
Memory Chip Select signals are active LOW when a memory 


MCS1 
37 
0 
reference 
is made to the defined 
mid-range 
portion of memory (8K-512K). 


MCS2 
36 
0 
These lines are not floated 
during bus HOLD. The address 
ranges activating 


MCS3 
35 
0 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0--4 are active LOW when a reference 
is made 


PCS1 
27 
0 
to the defined 
peripheral 
area (64 Kbyte I/O space). These lines are not 


PCS2 
28 
0 
floated during bus HOLD. The address ranges activating 
PCSO-4 
are 


PCS3 
29 
0 
software 
programmable. 


PCS4 
30 
0 


PCS5/A1 
31 
0 
•Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide a 


sixth peripheral 
chip select, or to provide an internally 
latched A 1 signal. The 


address range activating 
PCS5 is software-programmable. 
PCS5/ A 1 does 


not float during bus HOLD. When programmed 
to provide latched A 1, this pin 


will retain the previously 
latched value during HOLD. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide a 


seventh 
peripheral 
chip selec~ 
to provide an internally 
latched A2 signal. 


The address range activating 
PCS6 is software 
programmable. 
PCS6/ A2 


does not float during bus HOLD. When programmed 
to provide latched 
A2, 


this pin will retain the previously 
latched value during HOLD. 


DT/R 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow through 
an 


external data bus transceiver. 
When LOW, data is transferred 
to the 


processsor. 
When HIGH, the processor 
places write data on the data bus. 


DEN 
39 
0 
Data Enable is provided 
as a data bus transceiver 
output enable. 
DEN is 


active LOW during each memory and I/O access. 
DEN is HIGH whenever 


DT /R" changes 
state. During RESET, DEN is driven HIGH for one clock, then 


floated. 
DEN also floats during HOLD. 


NOTE: 
Pin names 
in parentheses 
apply to the 80188. 


The following Functional Description describes the 
base architecture of the 80186. The 80186 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8086. The 80186 is ob- 
ject code compatible with the 8086/8088 microproc- 
essors and adds 10 new instruction types to the 
8086/8088 instruction set. 


For more detailed information on the architecture, 
please refer to the 80C186XL/80C188XL 
User's 


Manual. The 80186 and the 80186XL devices are 
functionally and register compatible. 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two 
counter, 
synchronous and asynchronous 


ready inputs, and reset circuitry. 


The oscillator circuit is designed to be used with a 
parallel resonant fundamental mode crystal. This is 
used as the time base for the processor. The crystal 
frequency selected will be double the CPU clock fre- 
quency. Use of an LC or RC circuit is not recom- 
mended with this oscillator. If an external oscillator is 
used, it can be connected directly to the input pin X1 
in lieu of a crystal. The output of the oscillator is not 
directly available outside the processor. The recom- 
mended crystal configuration is shown in Figure 5. 


80186·10 
(10 MHz) 
20 


80186 
(8 MHz) 
16 


Figure 5. Recommended 
Crystal Configuration 


Intel recommends the following values for crystal se- 
lection parameters: 
Temperature Range: 
0 to 70°C 


ESR (Equivalent Series Resistance): 
300. max 


Co (Shunt Capacitance of Crystal): 
7.0 pf max 


C1 (Load Capacitance): 
20 pf ± 2 pf 


Drive Level: 
1 mW max 


The clock generator provides the 50% duty cycle 
processor clock for the processor. It does this by 
dividing th'3 oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of th,eclock generator will change on the fail- 
ing edge of the oscillator signal. The CLKOUT pin • 
provides the processor clock signal for use outside 
the device. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


The proce:lsor provides both synchronous and asyn- 
chronous ready inputs. In addition, the processor, as 
part of the integrated chip-select logic, has the capa- 
bility to program WAIT states for 
memory and 


peripheral blocks. 


RESET Logic 


The proce,ssorprovides both a RES input pin and a 
synchronized RESET output pin for use with other 
system components. The RES input pin is provided 
with hysteresis in order to facilitate power-on Reset 
generation via an RC network. RESET output is 
guaranteed to remain active for at least five clocks 
given a RE:5input of at least six clocks. 


The proce,ssor provides a local bus controller to 
generate t e local bus control signals. In addition, it 
employs a. HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that can be used to enable external buffers 
and to dimct the flow of data on and off the local 
bus. 


Memory IPeripheral 
Control 


The processor provides ALE, RD, and WR bus con- 
trol signals. The RD and WR signals are used to 
strobe data from memory or I/O to the processor or 
to strobe data from the processor to memory or I/O. 
The ALE line provides a strobe to latch the address 
when it is valid. The local bus controller does not 
provide a memory/I/O signal. If this is required, use 
the 52 signal (which will require external latching), 
make the memory and I/O spaces nonoverlapping, 
or use only the integrated chip-select circuitry. 


The processor uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. 
The 
processor 
provides 
a 
single 


HOLD/HLDA pair through which all other bus mas- 
ters may gain control of the local bus. External cir- 
cuitry must arbitrate which external device will gain 
control of the bus when there is more than one alter- 
nate local bus master. When the processor relin- 
~he~ontrol 
of the local bus, it floats DEN, RD, 
WR, 
SO-52, 
LOCK, 
ADO-AD15 
(ADO-AD7), 


A16-A19 
(A8-A19), SHE (57), and DTiA to allow 


another master to drive these lines directly. 


During RESET the local bus controller will perform 
the following action: 
• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


NOTE: 
RD is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently 
entering Queue Status Mode during RESET. 
• Drive SO-52 to the inactive state (all HIGH) and 
then float. 


• Drive LOCK HIGH and then float. 
• Float ADO-15 (ADO-AD7), A16-19 
(A8-A 19), 
SHE (57), DT/A. 


• Drive ALE LOW (ALE is never floated). 
• Drive HLDA LOW. 


All of the integrated peripherals are controlled by 
16-bit registers contained within an internal 256-byte 
control block. The control block may be mapped into 


either memory or I/O space. Internal logic will recog- 
nize control block addresses and respond to bus cy- 
cles. During bus cycles to internal registers, the bus 
controller will signal the operation externally (Le.,the 
RD, WFt status, address, data, etc., lines will be driv- 
en as in a normal bus cycle), but 015-0 (07-0), 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (Le., the lower 8 bits of the base address 
are all zeros). 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block. It provides the upper 12 bits of the 
base address of the control block. 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. 


The 
processor 
contains 
logic 
which 
provides 


programmable chip-select generation for both mem- 
ories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they bElgenerated by the CPU or by the integrated 
DMA unit. 


The processor provides 6 memory chip select out- 
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid- 
ed for upper memory and lower memory, while four 
are provided for midrange memory. 


The processor provides a chip select, called UCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
processor begins executing at memory location 
FFFFOH. 


The processor provides a chip select for low memo- 
ry called LCS. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 


intel~ 


The lower limit of memory defined by this chip select 
is always OH,while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. 


MID-RANGE 
MEMORY 
CS 


The processor provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 1-Mbyte memory ad- 
dres~ace 
exclusive of the areas defined by UCS 
and ECS. Both the base address and size of this 
memory block are programmable. 


The processor can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or liD space. Sev- 
en CS lines called PCSO-6 are generated by the 
processor. 
PCS5 and 
PCS6 can also 
be 
pro- 
grammed to provide latched address bits A1 and A2. 
If so programmed, they cannot be used as peripher- 
al selects. These outputs can be connected directly 
to the AO and A1 pins used for selecting internal 
registers of 8-bit peripheral chips. 


The processor can generate a READY signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 
wait states for all accesses to the area for 
which the chip select is active. In addition, the proc- 
essor may be programmed to either ignore external 
READY for each chip-select range individually or to 
factor external READY with the integrated ready 
generator. 


CHIP SELECT IREADY 
LOGIC 
AND RESET 


Upon RESET, the Chip-Select/Ready Logic will per- 
form the following actions: 
• All chip-select outputs will be driven HIGH. 


• Upon leaving RESET, the DCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex· 
ternal READY (Le., UMCS resets to FFFBH). 


• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the peS lines 
will become active. 


The DMA controller provides two independent DMA 
channels. Data transfers can occur between memo· 2 
ry and liD spaces (e.g., Memory to liD) or within the 
same spaCEI(e.g., Memory to Memory or liD to liD). 
Data can bl3transferred either in bytes or in words 
(80186 only) to or from even or odd addresses. 
Each DMA channel maintains both a 20-bit source 
and destina.tion pointer which can be optionally in- 
cremented I:>rdecremented after each data transfer 
(by one or two depending on byte or word transfers). 
Each data lransfer consumes 2 bus cycles (a mini- 
mum of 8 clocks), one cycle to fetch data and the 
other to store data. This provides a maximum data 
transfer rato of 1.25 Mword/sec or 2.5 Mbytes/sec 
at 10 MHz (half of this rate for the 80188). 


DMA CHA~INELSAND RESET 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 
to STOP. 


• Any transfer in progress is aborted. 


The processor provides three internal 16-bit pro- 
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can bl3used to count external events, time ex- 
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de- 
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a DMA 
request source. 


Upon RESET, the Timers will perform the following 
actions: 


• All EN (Enable) bits are reset preventing timer 
counting. 


• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going high. 


The processor can receive interrupts from a number 
of sources, both internal and external. The internal 
interrupt controller serves to merge these requests 
on a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
interrupt controller has its own control register that 
sets the mode of operation for the controller. 


intel~ 


Upon RESET, the interrupt controller will perform 
the following actions: 


• All SFNM bits reset to 0, implying Fully Nested 


Mode. 


• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-Cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to Master Mode. 


1'_ 
D 


Vcc 
Xl 
112 


UC8 


RUn 
* 
101_ 
• 


~ 
l1li(1) 
IRDY 
+IV 


AID'( 


NIII 
':' 
HOUl 


mil 


TIIR !NO 
~ 


TIIR OUT 0 
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INTI 
~ 
DRQO 


DISK 
INTERFACE 
HARDWARE 


NOTE: 
Pin names 
in parenthesis 
apply to 80188. 
(1) BRE: does 
not exist on the 80188, 
this is only required 
for a 16-bit data bus. 
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80186/80188 
intel~ 


15 MHz 
0 


Ycc 
X1 
X2 
a 
ucs 
1m 
RESET 
110M 


Ii!RT 
lID 
* 


74LS373 
LATCH 


ST8 
liE 
LOW 
RAM 


AL£ 
-=- 
ia 
a 


R(ll 


WII 


Al»-AD15 
ADDR!Ia 


(Al»-AD7) 
- 


1Ol_ 


MMI 


HOLD 
DATA_ 
-=- 


MUIn- 
IlA8TEA 
tmITEM- 
CLKOUT 


IIO-U 
_CONTlIOt. 
COIIIIIANDi 


NOTE: 
Pin names 
in parentheses 
apply to 80188. 
(1) SHE does 
not exist on the 80188, 
this is only required 
for a 16-bit data bus. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating' Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
under Bias 
O·C to 70·C 


Storage 
Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3W 


D.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C. 
Vcc = 5V ±10%) 


Applicable 
to 8 MHz and 10 MHz devices. 


Symbol 
Parameter 
Mln 
Max 
UnIts 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 
(All except X1 and (RES) 


VIH1 
Input High Voltage 
(~) 
3.0 
VCC + 0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other Outputs 


VOH 
Output 
High Voltage 
2.4 
V 
loa = - 400 /LA 


Icc 
Power Supply Current 
600· 
mA 
TA = -40·C 


550 
mA 
TA = O·C 


415 
mA 
TA = +70·C 


III 
Input Leakage 
Current 
±10 
/LA 
OV < VIN < Vcc 


ILO 
Output Leakage 
Current 
±10 
/LA 
0.45V < VOUT < Vcc 


VCLO 
Clock Output Low 
0.6 
V 
la = 4.0mA 


VCHO 
Clock Output High 
4.0 
V 
loa = - 200 /LA 


VCLl 
Clock Input Low Voltage 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
3.9 
VCC + 
1.0 
V 


CIN 
Input Capacitance 
10 
pF 


CIO 
1/0 Capacitance 
20 
pF 


• 
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A.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, vcc = 5V ±10%) 
Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted. 


8MHz 
10 MHz 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 


TOVCL 
Data in Setup (AID) 
20 
15 
ns 


TCLOX 
Data in Hold (A/D) 
10 
8 
ns 


TARYHCH 
Asynchronous Ready 
20 
15 
ns 
(ARDY) Active Setup 
Time(1) 


TARYLCL 
ARDY Inactive Setup Time 
35 
25 
ns 


TCLARX 
ARDY Hold Time 
15 
15 
ns 


TARYCHL 
Asynchronous Ready 
15 
15 
ns 
Inactive Hold Time 


TSRYCL 
Synchronous Ready (SRDY) 
20 
20 
ns 
Transition Setup Time(2) 


TCLSRY 
SRDY Transition Hold 
15 
15 
ns 
Time(2) 


THVCL 
HOLD Setup(1) 
25 
20 
ns 


TINVCH 
INTR, NMI, TEST, TIM IN, 
25 
25 
ns 
Setup(1) 


TINVCL 
DRQO, DRQ1, Setup(1) 
25 
20 
ns 


TCLAV 
Address Valid Delay 
5 
55 
5 
44 
ns 
CL = 20 pF-200 
pF 


TCLAX 
Address Hold 
10 
10 
ns 
all Outputs 
(Except TCLTMV) @ 


TCLAZ 
Address Float Delay 
TCLAX 
35 
TCLAX 
30 
ns 
8 MHz and 10 MHz 


TCHCZ 
Command Lines Float Delay 
45 
40 
ns 


TCHCV 
Command Lines Valid Delay 
55 
45 
ns 
(after Float) 


TLHLL 
ALE Width 
TCLCL-35 
TCLCL-30 
ns 


TCHLH 
ALE Active Delay 
35 
30 
ns 


TCHLL 
ALE Inactive Delay 
35 
30 
ns 


TLLAX 
Address Hold from ALE 
TCHCL-25 
TCHCL-20 
ns 
Inactive 


TCLOV 
Data Valid Delay 
10 
44 
10 
40 
ns 


TCLOOX 
Data Hold Time 
10 
'10 
ns 


TWHDX 
Data Hold after WR 
TCLCL-40 
TCLCL-34 
ns 


TCVCTV 
Control Active Delay 1 
5 
50 
5 
40 
ns 


TCHCTV 
Control Active Delay 2 
10 
55 
10 
44 
ns 


TCVCTX 
Control Inactive Delay 
5 
55 
5 
44 
ns 


TCVDEX 
DEN Inactive Delay 
10 
70 
10 
56 
ns 
(Non-Write Cycle) 


1. To guarantee recognition at next clock. 
2. To guarantee proper operation. 


A.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
VCC = 5V ±10oA.) (Continued) 
Master Interface Timing Responses (Continued) 


8MHz 
10 MHz 
Test 
Symbol 
Parameter 
Units 
Conditions 
Min 
Max 
Min 
Max 


TAZRL 
Address Float to RD Active 
0 
0 
ns 


TCLRL 
RD Active Delay 
10 
70 
10 
56 
ns 


TCLRH 
RD Inactive Delay 
10 
55 
10 
44 
ns 


TRHAV 
RD Inactive to Address 
TCLCL-40 
TCLCL-40 
ns 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
5 
40 
ns 


TRLRH 
RDWidth 
2TCLCL-50 
2TCLCL-46 
ns 


TWLWH 
WR Width 
2TCLCL-40 
2TCLCL-34 
ns 


TAVLL 
Address Valid to ALE Low 
TCLCH-25 
TCLCH-19 
ns 


TCHSV 
Status Active Delay 
10 
55 
10 
45 
ns 


TCLSH 
Status Inactive Delay 
10 
65 
10 
50 
ns 


TCLTMV 
Timer Output Delay 
60 
48 
ns 
100 pF max 
@8& 
10 MHz 


TCLRO 
Reset Delay 
60 
48 
ns 


TCHQSV 
Queue Status Delay 
35 
28 
ns 


TCHDX 
Status Hold Time 
10 
10 
ns 


TAVCH 
Address Valid to Clock High 
10 
10 
ns 


TCLLV 
LOCK Valid/Invalid 
Delay 
5 
65 
5 
60 
ns 


TCLCSV 
Chip-Select Active Delay 
66 
45 
ns 


Tcxcsx 
Chip-Select Hold from 
35 
35 
ns 
Command Inactive 


TCHCSX 
Chip-Select Inactive Delay 
5 
35 
5 
32 
ns 


TCKIN 
CLKIN Period 
62.5 
250 
50 
250 
ns 


TCKHL 
CLKIN Fall Time 
10 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
10 
10 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN Low Time 
25 
20 
ns 
1.5V 


TCHCK 
CLKIN High Time 
25 
20 
ns 
1.5V 


TCICO 
CLKIN to CLKOUT Skew 
50 
25 
ns 


TCLCL 
CLKOUT Period 
125 
500 
100 
500 
ns 


TCLCH 
CLKOUT Low Time 
% TCLCL-7.5 
% TCLCL-6.0 
ns 
1.5V 


TCHCL 
CLKOUT High Time 
% TCLCL-7.5 
% TCLCL-6.0 
ns 
1.5V 


TCH1CH2 
CLKOUT Rise Time 
15 
12 
ns 
1.0to3.5V 


TCL2Cl1 
CLKOUT Fall Time 
15 
12 
ns 
3.5 to 1.0V 


• 


Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other 
characters, 
depending on 
their 
positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac- 
ters and what they stand for. 
A: 
Address 
ARY: Asynchronous Ready Input 
C: 
Clock Output 
CK: 
Clock Input 
CS: 
Chip Select 
CT: 
Control (DTlA, DEN, ... ) 
0: 
Data Input 
DE: 
DEN 
H: 
Logic Level High 


IN: 
Input (DROO,TIMO,... ) 
L: 
Logic Level Low or ALE 
0: 
Output 
OS: 
Oueue Status (OS1, OS2) 
R: 
AD signal. RESET signal 
S: 
Status (SO, Sf. S2) 
SRY: Synchronous Ready Input 
V: 
Valid 
W: 
WR Signal 
X: 
No Longer a Valid Logic Level 
Z: 
Float 


Examples: 


TCLAY 
- 
Time from Clock low to Address valid 
TCHlH 
- 
Time from Clock high to ALE high 
TClCSV - 
Time from Clock low to Chip Select valid 


RD,INTA, 


DT/R=VOH 


BHE/~ 
(S7)' 


A,9 /S6 -A, 6 /S3 


SOfTWARE HALT-DT/R;;VOL' 


Ro,WR,INTA,DEN=VOH 


pcs, 


MCS 


LCS, 


UCS 
(NOTE 3) 


NOTE: 
Pin names 
in parentheses 
apply to the 80188. 
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NOTES: 
1. INTA occurs 
one clock 
later in slave mode. 
2. Status 
inactive 
just prior to T4. 


3. If latched 
A 1 and A2 are selected 
instead 
of PCS5 and PCS6, only TClCSV is applicable. 
4. Pin names 
in parentheses 
apply to the 80188. 


intel~ 


---L 


NIo4I, 


TEST, 


INTO-3 


TIIo4ERIN 
• 


~ 
IN1O-3 
TlMERIN 


intel~ 


WAVEFORMS 
(Continued) 


READY 
TIMING 


_ 
__ 
-I)+- TARYCHl 


ARDY 
. 


J 


• 


intel~ 


AD16-ADO 
(A16-A8, 


AD7-ADO), 


DEli 


A191S6· Al61S3, 


_ 
iiD,WR, 


IHE/S7 
(87), 


DT/A.52 
• SO, 


LOCK 


! 
;;==Jt-TCHCZ--- 


AD15-ADO 
(A15- 
AS, 


AD7-ADO), 


DEN 


A19/sa· 
Al61S3, 


_ 
iiii,WR, 


BHE/S7 
(87), 


DTiii, 52 • so, 


LOCK 


NOTE: 
Pin names 
in parentheses 
apply to the 80188. 


\ 
/ 
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The Intel EXPRESS 
system offers enhancements 
to 


the operational 
specifications 
of the microprocessor. 


EXPRESS 
products 
are designed 
to meet the needs 


of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 


standard 
temperature 
range with burn-in and an ex- 


tended 
temperature 
range without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range 


operational 
characteristics 
are guaranteed 
over the 


temperature 
range 
of O·C to 
+ 70·C. 
With 
the ex- 


tended 
temperature 
range option, 
operational 
char- 


acteristics 
are guaranteed 
over the range of - 40·C 


to +85·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time 


of 160 hours at + 125·C with VCC = 5.5V 
±0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package types and EXPRESS versions 
are identified 


by a one- or two-letter 
prefix to the part number. The 


prefixes 
are listed in Table 2. All A.C. and D.C. speci- 


fications 
not mentioned 
in this section 
are the same 


for both commercial 
and EXPRESS 
parts. 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


A 
PGA 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
No 


TA 
PGA 
Extended 
No 


QA 
PGA 
Commercial 
Yes 


QR 
LCC 
Commercial 
Yes 


NOTE: 
Not all package/temperature 
range/speed 
combinations 


are availlible. 
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A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum ex- 
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump- 
tions: 


• The opcode, along with any data or displacement 


required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDS occur. 
• All word-data is located on even-address bound- 


aries. 


All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the bus interface unit (BIU) and 
execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


The 80186 has sufficient bus performance to ensure 
that an adequate number of prefetched bytes will 
reside in the queue (6 bytes) most of the time. 
Therefore, actual program execution time will not be 
substantially greater than that derived from adding 
the instruction timings shown. 


The 80188 is noticeably limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time may be substantially greater 
than that derived from adding the instruction timings 
shown. 


80186 
80186 


Funcllon 
FClrIlIlIt 
Clock 
Clock 
Comment. 


Cycle. 
Cycl •• 


DATA TRANSFER 


MOV - 
Mov.: 


Register to Register/Memory 
1000100w 
mod reg rim 
2/12 
2/12' 


Registerlmemory 
to register 
1000101w 
mod reg rim 
2/9 
2/9' 


Immediate 
to register/memory 
1100011 
w 
modOOO rim 
data 
I 
dataifw~l 
I 
12/13 
12/13 
a/16-bit 


Immediate 
to register 
1011 
w 
reg 
data 
data ijw- 
1 J 
3/4 
3/4 
a/lB-bit 


Memory 
to accumulator 
1010000w 
addf-Iow ~ 
addr-high ] 
a 
a' 


Accumulator 
to memory 
I 
1010001w 
addr·low 
addr-hi9h ] 
9 
9' 


Register/memory 
to segment 
register 
I 
10001110 
modO reg rim 
2/9 
2/13 


Segment register to registerlmemory 
I 
10001100 
mod 0 reg rim 
2/11 
2/15 


PUSH = Puah: 


Memory 
I 
11111111 
mod 11 0 rim I 
16 
20 


Register 
I 
01010 
reg 
10 
14 


Segment register 
I 
000regll0 
9 
13 


lmmedIele 
I 011010.0 
date 
I 
datel.-O 
[] 
10 
14 


PUlltt4 
- 
Puah All 
I 01100000 
II 
3e 
86 


POP = Pop: 


Memory 
I 
10001111 
modOOO 
rim I 
20 
24 


Register 
I 
01011 
reg I 
10 
14 


Segment 
register 
I 
OOOreglll 
I 
(reg"'Ol) 
a 
12 


POPA - 
Pop All 
I 01100001 
I 
51 
83 


XCHG = Exchenge: 


Register/memory 
with register 
I 
1000011w 
I 
mod reg rim I 
4/17 
4/17' 


Register 
with accumulator 
I 
10010reg 
I 
3 
3 


IN = Input from: 


Fixed port 
1110010w 
port 
I 
10 
10' 


Variable port 
1110110w 
a 
a' 


OUT = output 
to: 


Fixed port 
1110011 
w 
port 
I 
9 
9' 


Variable port 
1110111w 
7 
7' 


XLAT 
- 
Translate byte to AL 
11010111 
11 
15 


LEA - 
Load EA to register 
10001101 
mod reg rim I 
6 
6 


LDS = Load pointer to OS 
11000101 
mod reg rim I 
(mod"'11) 
la 
26 


LES = Load pointer to ES 
11000100 
mod reg rim I 
(mod'" 
11) 
la 
26 


LAHF 
- 
Load AH with flags 
10011111 
2 
2 


SAHF ~ StOfe AH into flags 
10011110 
3 
3 


PUSHF = Push flags 
10011100 
9 
13 


POPF - 
Pop flags 
10011101 
a 
12 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 
microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
t;ycles 
for each memory 
transfer. 
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80186 
80188 
Function 
Format 
Clock 
Clock 
Comments 


Cycles 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


CS 
I 00101110 
I 
2 
2 


SS 
I 
00110110 
I 
2 
2 


OS 
I 
00111110 
I 
2 
2 


ES 
I 
00100110 
I 
2 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory 
with register to either 
I OOOOOOdw 
I 
mod reg rim 
I 
3/10 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modOOO rim I 
data 
I data if sw=Ol 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw~ 
1 I 
3/4 
3/4 
8/16-bit 


ADC - 
Add with carry: 


Reg/memory 
wtth register to either 
I 
000100dw 
I 
mod reg rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modO 1 0 rim I 
data 
I data if s w-Ol 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
1 
3/4 
3/4 
8/16-bit 


INC ~ Increment: 


Register/memory 
I lll1111w 
I modOOO rim I 
3/15 
3/15' 


Register 
I 
01000reg 
I 
3 
3 


SUB ~ Subtrsct: 


Reg/memory 
and register to either 
.I 
001010dw 
I 
mod reg rIm I 
3/10 
3/10' 


Immediate from register/memory 
I 
100000sw 
I mod 1 0 1 rim I 
data 
I datahw-Ol 
I 
4/16 
4/16' 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=l 
I 
3/4 
3/4 
81 16-bit 


SBB ~ Subtract with borrow: 


Reg/memory 
and register to either 
000110dw 
mod reg rIm I 
3/10 
3/10' 


Immediate from register/memory 
100000sw 
modOl1 
rim I 
data 
I dats if s w=Ol I 
4/16 
4/16' 


Immediate from accumulator 
0001110w 
data 
I 
dataifw=l 
1 
3/4 
3/4 
8/16-bit 


DEC ~ Decrement 


Register/memory 
l111111w 
modOOl 
rim I 
3/15 
3/15' 


Register 
01001 
reg 
3 
3 


CMP = Compare: 


Register/memory 
with register 
0011101 
w 
mod reg rim 
I 
3/10 
3/10' 


Register with register Imemory 
0011100w 
mod reg rIm 
I 
3/10 
3/10' 


Immediate with register/memory 
100000sw 
mod 111 
rim I 
data 
I dataifsw=01 
I 
3/10 
3/10' 


Immediate with accumulator 
0011110w 
data 
I 
data rtw=1 
I 
3/4 
3/4 
8/16-bit 


NEG = Change sign register/memory 
1111011w 
modO 11 rim I 
3/10 
3/10' 


AAA ~ ASCII adjust for add 
00110111 
8 
8 


OM = Decimal adjust for add 
00100111 
4 
4 


AAS ~ ASCII adjust for subtract 
00111111 
7 
7 


DAS = Decimal adjust for subtract 
00101111 
4 
4 


MUL - 
Multiply (unsigned): 
1111011 
w 
mod 100 rim I 
Register-Byte 
26-28 
26-28 


Register-Word 
35-37 
35-37 


Memory-Byte 
32-34 
32-34 


Memory-Word 
41-43 
41-43· 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers, 
for word operatjons, 
add 4 clock 
cycles 
for each 
memory 
transfer. 


80186 
80188 


Function 
Format 
Clock 
Clock 
Comment. 


Cycles 
Cycles 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 
I 
1111011 
w I mod 101 
rim I 


Register-Byte 
25-28 
25-28 


Register-Word 
34-37 
34-37 


Memory-Byte 
31-34 
31-34 


Memory-Word 
40-43 
40-43' 


I 
I 
I 
I 
I 
~ 


lMUL - 
Integer immediate muijlply 
011010s1 
modreg 
rim 
data 
dataUs-O 
22-25/ 
22-25/ 


(signed) 
29-32 
29-32 


DIY ~ Divide (unsigned): 
I 
1111011w 
I mod 11 0 rim I 


Register-Byte 
29 
29 


Register-Word 
38 
38 


Memory-Byte 
35 
35 
Memory-Word 
44 
44' 


IDlY ~ Integer divide (signed): 
I 
1111011 
w I modl11 
rim I 


Register-Byte 
44-52 
44-52 


Register-Ward 
53-61 
53-61 
Memory-Byte 
50.,58 
50-58 
Memory-Word 
59-67 
59-67' 


AAM - 
ASCII edjust for multiply 
I 
11010100 
I 
00001010 
I 
19 
19 


AAD - 
ASCII edjust for divide 
I 
11010101 
I 
00001010 
I 
15 
15 


caw - Convert byte to word 
I 
10011000 
I 
2 
2 


CWD := Convert 
word to double 
word 
I 
10011001 
I 
4 
4 


LOGIC 
Shift/Rotate 
Instructions: 


RegisterlMemory 
by 1 
I 
1101000w 
I 
mod TTT rIm 
I 
2/15 
2/15 


RegisterlMemory 
by CL 
I 
1101001 
w I 
mod TTT rIm I 
5+0117+0 
5+n/17+n 


I 
I 
I 
l!l 
-- 
~/Memoryby 
Count 
1100000w 
mod m r/m 
oount 
5+n/17+n 
5+n/17+n 


TTT Inatructlon 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 
AND = And: 


Reg/memory 
and register to either 
I 001000dw 
I 
mod reg rIm 
I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I 
modl00 
rim I 
data 
I 
data if w= 1 
I 
4/16 
4/16' 


Immediate 
to accumulator 
I 0010010w 
I 
data 
I 
dataifw=l ] 
3/4 
3/4 
8/16-M 


TEST - And function 
to tlags, no result: 


Register/memory 
and register 
I 
1000010w 
I 
mod reg rim I 
3/10 
3/10' 


Immediate data and register/memory 
I 
1111011 
w I 
modOOO rim I 
data 
I 
data if w=1 
I 
4/10 
4/10' 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw-1 
] 
3/4 
3/4 
8/16-bit 


OR~Or: 


Reg/memory 
and register to either 
I 000010dw 
I 
mod reg rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I modOOl 
rim I 
data 
I 
dataifw=1 
I 
4/16 
4/16' 


Immediate to accumulator 
I 0000110w 
I 
data 
I 
dataifw=1 
] 
3/4 
3/4 
8/16-bit 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
cycles 
for each 
memory 
transfer. 


• 


801. 
801ea 


FuncUon 
Form.ol 
Clock 
Clock 
Comments 


Cycl •• 
Cycl •• 


LOGIC (Continued) 
XOR = Excluolve or: 


Reglmemory and register to either 
I 001100dw 
mod reg rim 
I 
3/10 
3/10' 


Immediate to registerlmemory 
1000000w 
mod 110 
rim I 
data 
I 
dataKw=1 
I 
4/16 
4/16' 


Immediate 
to accumulator 
00,,0-, 
Ow 
data 
I 
data if w~ 1""] 
3/4 
3/4 
8/16-bit 


NOT = Invert registerlmemory 
1111011 
w 
modO 1 0 rim I 
3/10 
3/10' 


STRING MANIPULATION 


MOVS = Move byte/word 
1010010w 
14 
14' 


CMPS = Compare bytelword 
1010011w 
22 
22' 


SCAS - 
SCanbytelword 
1010111 
w 
15 
15' 


LODS - 
Load byte/wd to All AX 
1010110w 
12 
12' 


STOS = Store byte/wd 
from ALl AX 
1010101w 
I 
10 
10' 


INS - 
Input bytelwd from OX por1 
I 0110110w 
I 
14 
14 


louTs - 
Oulput byte/wd to OX PD!! 
I 0110111w 
I 
14 
14 


Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS - 
Move string 
11110010 
1010010w 
I 
8+8n 
8+8n' 


CMPS = Compare string 
1111001 
z 
1010011 
w I 
5+22n 
5+22n' 


SCAS = Scan string 
1111001 
z 
1010111 
w I 
5+15n 
5+15n' 


LODS - 
Load string 
11110010 
1010110w 
I 
6+11n 
6+11n' 


STOS - 
Store string 
11110010 
1010101w 
I 
6+9n 
6+9n' 


INS - 
Input 8lrinlI 
I 
~- 


11110010 
0110110w 
8+8n 
8+8n° 


P;!IT8 - 
Oulput 8lrinlI 
11110010 
0110111w 
I 
8+8n 
8+8n' 


CONTROL TRANSFER 


CALL ~ Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-hlgh 
I 
15 
19 


Register/memory 
I 
l11tltl1 
I modO 1 0 rim I 
13/19 
17/27 


indirect within segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 
31 


I 
segment 
selector 
I 


Indirect 
intersegment 
I 
11111111 
I modO 11 rIm I 
(mod';' 
11) 
38 
54 


JMP - 
Uncondillonaijump: 


Shortllong 
I 
11101011 
I 
disp-Iow 
I 
14 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 
14 


Register/memory 
I 
11111111 
I mod 1 00 
rim I 
11/17 
11/21 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment 
Qffset 
I 
14 
14 


I 
segment selector 
I 


Indirect 
intersegment 
I 
11111111 
I mod 101 
rIm I 
(mod", 
11) 
26 
34 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086. 
8088 microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
for word operations. 
add 4 clock 
cycles 
for each 
memory 
transfer. 


intel® 
80186/80188 


INSTRUCTION 
SET SUMMARY 
(Continued) 


80186 
80188 


Function 
Format 
Clock 
Clock 
Comments 


Cyclea 
Cycle. 


CONTROL 
TRANSFER 
(Continued) 
RET ~ Return 
from CALL.: 


Within segment 
11000011 
16 
20 


Within sag adding 
immed 
to SP 
11000010 
data-low 
data-high] 
18 
22 


lntersegment 
11001011 
22 
30 


Intersegment 
adding 
immediate 
to SP 
11001010 
data-low 
data-high] 
25 
33 


JE/JZ = Jump on equal/zero 
01110100 
disp 
4/13 
4/13 
JMPnot 


taken/JMP 
JLlJNGE 
= Jump on less/not 
greater or equal 
01111100 
disp 
4/13 
4/13 
taken 


JLE/JNG 
= Jump on less or equal/not greater 
01111110 
disp 
4/13 
4/13 


JB/JNAE 
= Jump on below/not 
above or equal 
01110010 
disp 
4/13 
4/13 • 


JBE/JNA 
~ Jump on below or equal/not 
above 
01110110 
disp 
4/13 
4/13 


JP/JPE 
~ Jump on parity/parity 
even 
01111010 
disp 
4/13 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 
4/13 


JNE/JNZ 
~ Jump on not equal/not 
zero 
01110101 
disp 
4/13 
4/13 


JNL/JGE 
= Jump on not less/greater or equal 
01111101 
disp 
4/13 
4/13 


JNLE/JG 
= Jump on not less or equal/greater 
0·1111111 
disp 
4/13 
4/13 


JNB/JAE 
~ Jump on not below/above 
or equai 
01110011 
disp 
4/13 
4/13 


JNBE/JA 
~ Jump on not below or equal/above 
01110111 
disp 
4/13 
4/13 


JNP/JPO 
~ Jump on not par/par 
odd 
01111011 
disp 
4/13 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 
4/13 


JCXZ 
= Jump on ex zero 
11100011 
disp 
5/15 
5/15 


LOOP ~ Loop ex times 
11100010 
I 
disp 
6/16 
6/16 
LOOP not 


LOOPZ/LOOPE 
~ Loop while zero/equal 
11100001 
I 
taken/LOOP 
disp 
6/16 
6/16 
taken 


LOOPNZlLOOPNE 
~ Loop while not zero/equal 
11100000 
I 
disp 
6/16 
6/16 


1110010001 
data.low 
da1a-higl\IIJ 


15 
19 
25 
29 
22+ 16(n-1) 
28+2O(n-l) 


Vi = leave 
Procedure 
1110010011 
8 
8 


INT ~ Interrupt: 


Type specified 
11001101 
type 
47 
47 


Type 3 
11001100 
I 
45 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
11001110 
I 
if INT. not 
48/4 
48/4 
taken 


IRET = Interrupt return 
I 11001111 
I 
28 
28 
o = o.tect 
value out of range 
101100010 
IlTI9dreg 
rlml 
33-35 
33-35 


Shaded 
areas 
indicate 
instructions 
not 
available 
in 8086, 
8088 
microsystems. 


NOTE: 


'Clock 
cycles 
shown 
for 
byte 
transfers, 
for 
word 
operations, 
add 
4 clock 
cyl;les 
for 
each 
memory 
transfer. 


80186 
60188 


Function 
Format 
Clock 
Clock 
Comments 


Cycle. 
Cycle. 


PROCESSOR CONTROL 


CLC ~ Clear carry 
11111000 
I 
2 
2 


CMC ~ Complement 
carry 
11110101 
I 
2 
2 


STC ~ set carry 
11111001 
I 
2 
2 


CLD = Clear direction 
11111100 
I 
2 
2 


STD ~ Set direction 
11111101 
I 
2 
2 


ell = Clear interrupt 
11111010 
2 
2 


STI = Set interrupt 
11111011 
2 
2 


HLT ~ Halt 
11110100 
2 
2 


WAIT~ 
Wait 
I 
10011011 
6 
6 
~Tm~o 


LOCK ~ Bus lock prefix 
I 
11110000 
2 
3 


ESe = Processor Extension Escape 
I 
11011 
TTT 
mod LLL rim I 
6 
6 


(TTT LLL are opcode to processor extension) 


NOP = No Operation 
I 
10010000 
I 
3 
3 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
cycles 
for each 
memory 
transfer. 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod 
~ 
11 then rim is treated 
as REG field 
if mod 
~ 
00 then 
OISP 
~ 
0', 
disp-Iow 
and disp-high 
are absent 
if mod 
~ 
01 then 
OISP 
~ disp-Iow 
sign-extended 
to 16-bits. 
disp-high 
is absent 
if mod 
~ 
10 then 
OISP 
~ 
disp-high: 
disp-Iow 


if rim ~ 
000 then 
EA ~ 
(BX) + (SI) + OISP 


if rim = 001 then 
EA ~ 
(BX) + (01) + OISP 


if rim ~ 
010 then 
EA ~ 
(BP) + (SI) + OISP 
if rim = 011 then 
EA ~ 
(BP) + (01) + OISP 
if rim = 100 then 
EA 
~ 
(SI) + OISP 
if rim ~ 
101 then 
EA = (01) + OISP 
if rim ~ 
110 then 
EA 
~ 
(BP) + OISP' 


if rim = 111 then 
EA = (BX) + OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


"except 
if mod 
= 00 and rim 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 


reg is assigned 
according 
to the following: 


Segment 
Register 
ES 
CS 
SS 
OS 


16·Bit (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
100 SP 
101 BP 
110 SI 
111 01 


8·Blt (w = 0) 
OOOAL 
001 CL 
0100L 
011 BL 
100AH 
101 CH 
1100H 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


This data sheet 
replaces 
the following 
data sheets: 


210706-011 
80188 


210451-011 
80186 
• 


80C186XL/80C188XL 
16-BIT HIGH-INTEGRATION 
EMBEDDED PROCESSORS 


• 
Low Power, Fully Static Versions of 
80C186/80C188 


• 
Operation Modes: 
- 
Enhanced Mode 
- 
DRAM Refresh Control Unit 
- 
Power-Save Mode 
- 
Direct Interlace to 80C187 
(80C186XL Only) 
- 
Compatible Mode 
- 
NMOS 80186/80188 Pin-for-Pin 
Replacement for Non-Numerics 
Applications 


• 
Integrated 
Feature Set 
- 
Static, Modular CPU 
- 
Clock Generator 
- 
2 Independent 
DMA Channels 
- 
Programmable 
Interrupt Controller 
- 
3 Programmable 
16-Bit Timers 
- 
Dynamic RAM Refresh Control Unit 
- 
Programmable 
Memory and 
Peripheral Chip Select Logic 
- 
Programmable Wait State Generator 
- 
Local Bus Controller 
- 
Power-Save Mode 
- 
System-Level Testing Support (High 
Impedance Test Mode) 


• 
Completely Object Code Compatible 
with Existing 8086/8088 Software and 
Has 10 Additional 
Instructions 
over 
8086/8088 


• 
Speed Versions Available 
- 
20 MHz (80C186XL20/80C188XL20) 
-12 
MHz (80C186XL 12/80C188XL 12) 


• 
Direct Addressing 
Capability to 
1 MByte Memory and 64 Kbyte I/O 


• 
Complete System Development 
Support 
- 
ASM 86 Assembler, PL/M-86, IC-86 
and System Utilities 
-In-Circuit-Emulator 


• 
Available in 68-Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 
- 
Ceramic Pin Grid Array (PGA) 
- 
Ceramic Leadless Chip Carrier 
(JEDEC A Package) 


• 
Available in 80-Pin: 
- 
Quad Flat Pack (EIAJ) 
- 
Shrink Quad Flat Pack (SGFP) 


• 
Available in Extended Temperature 
Range (-40°C 
to +85°C) 


The Intel 80C186XL 
is a Modular Core re-implementation 
of the 80C186 
Microprocessor. 
It offers higher speed 
and lower power consumption 
than the standard 
80C186 
but maintains 
100% clock-for-clock 
functional 
com- 
patibility. 
Packaging 
and pinout are also identical. 


80C 186XL/80C 188XL 
16-Bit High-Integration 
Embedded Processors 
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INT3/INTA 
1/IRQ 
INT2/INTAO 
T~R 
OUT 0 
T~R 
OUT 
1 


CLKOUT 
INT 1/SELECT 
~D~ 
INTO 
N~I 
T~R 
IN 0 
T~R 
IN 
1 
DRQO 
DT' 
I 
I 
I 
~ 
~ 
~ 
~ 


PROGRA~~ABLE 
D~A 
CONTROL 


T1~ERS 
UNIT 
-+ 
0 
1 
2 
0 
1 


Xl 
X2 
20-BIT 


CLOCK 
~AXCOUNT I 
SOURCE 
POINTERS 
.- 
GENERATOR 
REGISTER B 


20-BIT 
PROGRA~~ABLE 
~AXCOUNT 
DESTINATION 
POWER- 
INTERRUPT 
REGISTER A 
POINTERS 
SAVE 
CONTROLLER 


16-BIT 
16-BIT 


COUNT REGISTERS 
COUNT 
REGISTERS 


CONTROL I 
CONTROL 
CONTROL 
REGISTERS 
REGISTERS 
CONTROL 
REGISTERS 
REGISTERS 


---- 
1 
'I 
ir 
4' 


---- 


INTERNAL 
BUS 


~ 
.-!_-- 
- --- 
- :: 
I 


I 
EXECUTION 
UNIT 
I 


READY 
CONTROL 
CONTROL 
- 
LOGIC 
REGISTERS 
REGISTERS 
REFRESH 
f-+ 
CONTROL 
I- 
- 
BUS 
INTERFACE 
UNIT 
UNIT 
16-BIT 


GENERAL 
- 
REGISTERS 
.-- 
SEG~ENT 
CHIP 
SELECT 
REGISTERS 
CONTROL 
UNIT 
.-- 
6-BYTE (4-BYTE) 


PREFETCH 
16-BIT 
I- f-+ 
.-- 
QUEUE 
ALU 
.• ~ 
I I f 
J.7 
I I 
I 
NU~ERICS 
INTERFACE 
(80C 
186XL 
ONLY) 
I 
•..... 
I I 
- 


HOLD 
ALE 
! bEST/BUSY 
••• 
';7' 


"'",7 
'" 
7' 
- 
PCSO-4 
- 
Ro 
BHE 
LCS 
HLDA 
ADO- 
AI6/S3- 
(RFSH) 
ViR 
~CSO/PEREQ 
ucs 
ADIS 
A 19/56 


~CS1/ERROR 
~CS2 
ADO-AD7 


_.l 


inteJ~ 


N.C. 
X2 


BOC1B6XL/ 
BOClBBXL 


20 pF 


Eo' 


X2 


BOC1B6XL/ 
Boe 1BBXL 


XTAL Frequency 
L1 Value 
20 MHz 
12.0 ,.H 
± 20% 
25 MHz 
B.2 ,.H 
± 20% 
32 MHz 
4.7,.H 
±20% 
40 MHz 
3.0 ,.H 
± 20% 
LC ",,\work is only required when using a third 
overtone crystal. 


Unless specifically 
noted, all references to the 
80C186XL apply to the 80C188XL. References to 
pins that differ between the 80C186XL and the 
80C188XL are given in parentheses. 


The following Functional Description describes the 
base architecture of the 80C186XL. The 80C186XL 
is a very high integration 16-bit microprocessor. It 
combines 15-20 of the most common microproces- 
sor 
system 
components 
onto 
one 
chip. 
The 


80C186XL 
is object 
code 
compatible 
with 
the 


8086/8088 
microprocessors and adds 10 new in- 


struction types to the 8086/8088 instruction set. 


The 80C186XL has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186XL is completely compatible with NMOS 
80186, with the exception of 8087 support. The En- 
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co- 
processor interface (80C186XL only). 


The 80C186XL provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two 
counter, synchronous and asynchronous 


ready inputs, and reset circuitry. 


The 80C1B6XL oscillator circuit is designed to be 
used either with a parallel resonant fundamental or 
third-overtone mode crystal, depending upon the 
frequency range of the application. This is used as 
the time base for the 80C186XL. 


The output of the oscillator is not directly available 
outside thl3 80C186XL. The recommended crystal 
configuratkm is shown in Figure 2b. When used in 
third-overtone mode, the tank circuit is recommend- 
ed for stable operation. Alternately, the oscillator 
may be driven from an external source as shown in 
Figure 2a. 


The crystal or clock frequency chosen must be twice 
the requiwd processor operating frequency due to 
the internal divide by two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC Timings are referenced to 
CLKOUT. 


Intel recommends the following values for crystal se- 
lection parameters. 


Temperature Range: 
Application Specific 


ESR (Equivalent Series Resistance): 
60.0 max 


Co (Shunt Capacitance of Crystal): 
7.0 pF max 


C1 (Load Capacitance): 
20 pF ± 2 pF 


Drive Level: 
2 mW max 


• 


The 
80C186XL 
provides 
a local 
bus controller 
to 


generate 
the local bus control 
signals. 
In addition, 
it 


employs 
a HOLD/HLDA 
protocol 
for 
relinquishing 


the local bus to other 
bus masters. 
It also provides 


outputs 
that can be used to enable 
external 
buffers 


and to direct 
the flow of data on and off the local 


bus. 


The bus controller 
is responsible 
for generating 
20 


bits of address, 
read 
and write 
strobes, 
bus cycle 


status 
information 
and data (for write operations) 
in- 


formation. 
It is also 
responsible 
for 
reading 
data 


from the local bus during a read operation. 
Synchro- 


nous and asynchronous 
ready input pins are provid- 


ed to extend 
a bus cycle 
beyond 
the minimum 
four 


states 
(clocks). 


The 
80C186XL 
bus 
controller 
also 
generates 
two 


control 
signals 
(DEN and DT /R) when interfacing 
to 


external 
transceiver 
chips. This capability 
allows the 


addition 
of transceivers 
for simple 
buffering 
of the 


multiplexed 
address/data 
bus. 


During 
RESET 
the local bus controller 
will perform 
the following 
action: 


• 
Drive DEN, RD and WR HIGH for one clock 
cy- 


cle. then float them. 


• 
Drive SO-S2 
to the inactive 
state (all HIGH) and 


then float. 


• 
Drive LOCK HIGH and then float. 


• 
Float ADO-15 
(ADO-8), 
A16-19 
(A9-A19), 
BHE 


(RFSH), 
DT IR. 


• 
Drive ALE LOW 


• 
Drive HLDA LOW. 


RD/QSMD, 
UCS, 
LCS, 
MCSO/PEREQ, 
MCS1/ 
ERROR 
and TEST/BUSY 
pins have internal 
pullup 


devices 
which 
are active 
while 
RES is applied. 
Ex- 


cessive 
loading 
or grounding 
certain 
of these 
pins 


causes 
the 80C186XL 
to enter an alternative 
mode 


of operation: 


• 
RD/QSMD 
low results 
in Queue Status 
Mode. 


• 
UCS and LCS low results 
in ONCE Mode. 


• 
TEST/BUSY 
low (and 
high later) 
results 
in En- 


hanced 
Mode. 


80C186XL 
PERIPHERAL 
ARCHITECTURE 


All 
the 
80C186XL 
integrated 
peripherals 
are 
con- 
trolled 
by 16-bit registers 
contained 
within 
an inter- 
nal 256-byte 
control 
block. The control 
block may be 


mapped 
into either 
memory 
or I/O 
space. 
Internal 


logic will recognize 
control 
block addresses 
and re- 


intel~ 


spond 
to bus cycles. 
An offset 
map of the 256-byte 


control 
register 
block is shown 
in Figure 3. 


Chip-Select/Ready 
Generation 
Logic 


The 
80C186XL 
contains 
logic 
which 
provides 


programmable 
chip-select 
generation 
for both mem- 


ories 
and 
peripherals. 
In 
addition, 
it 
can 
be 


programmed 
to provide 
READY (or WAIT state) gen- 


eration. 
It can also provide 
latched 
address 
bits A 1 


and A2. The chip-select 
lines are active for all mem- 


ory 
and 
I/O 
cycles 
in 
their 
programmed 
areas, 


whether 
they 
be generated 
by the 
CPU or by the 


integrated 
DMA unit. 


The 80C186XL 
provides 
6 memory 
chip select 
out- 


puts 
for 
3 
address 
areas; 
upper 
memory, 
lower 


memory, 
and midrange 
memory. 
One each is provid- 


ed for upper memory 
and lower memory, 
while four 


are provided 
for midrange 
memory. 


Relocation 
Register 


DMA Descriptors 
Channel 
1 


DMA Descriptors 
Channel 
0 


Chip·Select 
Control 
Registers 


Time 2 Control 
Registers 


Time 
1 Control 
Registers 


Time 0 Control 
Registers 


Interrupt 
Controller 
Registers 


Figure 3. Internal 
Register 
Map 


The 80C186XL 
provides 
a chip select, 
called 
UCS, 
for the top of memory. 
The top of memory 
is usually 


used as the system 
memory 
because 
after reset the 


80C186XL 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The 80C186XL 
provides 
a chip select for low memo- 
ry called 
LCS. The bottom 
of memory 
contains 
the 
interrupt 
vector 
table, 
starting 
at location 
OOOOOH. 


The 80C186XL 
provides 
four 
MCS lines which 
are 
active 
within 
a user-locatable 
memory 
block. 
This 
block 
can be located 
within the 80C186XL 
1 Mbyte 
memory 
address 
space 
exclusive 
of the areas 
de- 
fined 
by UCS and LCS. Both the base address 
and 
size of this memory 
block are programmable. 


The 80C186XL 
can generate 
chip selects 
for up to 
seven peripheral 
devices. 
These chip selects 
are ac- 
tive for seven contiguous 
blocks 
of 128 bytes above 
a programmable 
base 
address. 
The 
base 
address 
may be located 
in either 
memory 
or I/O space. 


The 80C186XL 
can generate 
a READY 
signal inter- 


nally for each of the memory 
or peripheral 
CS lines. 


The number 
of WAIT states to be inserted 
for each 
peripheral 
or memory 
is programmable 
to provide 
0-3 
wait 
states 
for 
all accesses 
to 
the 
area 
for 
which 
the 
chip 
select 
is 
active. 
In 
addition, 
the 
80C186XL 
may be programmed 
to either ignore ex- 
ternal READY for each chip-select 
range individually 
or to 
factor 
external 
READY 
with 
the 
integrated 
ready generator. 


Upon RESET, the Chip-Select/Ready 
Logic will per- 
form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 
grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 
011 to insert 3 wait states in conjunction 
with ex- 
ternal 
READY 
(Le., UMCS resets to FFFBH). 


• 
No other 
chip select 
or READY 
control 
registers 
have 
any predefined 
values 
after 
RESET. 
They 
will 
not become 
active 
until the 
CPU accesses 
their control 
registers. 


The 
80C186XL 
DMA 
controller 
provides 
two 
inde- 
pendent 
high-speed 
DMA channels. 
Data transfers 
can occur 
between 
memory 
and 
I/O 
spaces 
(e.g., 
Memory 
to 
I/O) 
or within 
the 
same 
space 
(e.g., 
Memory 
to 
Memory 
or 
I/O 
to 
I/O). 
Data 
can 
be 
transferred 
either 
in bytes 
(8 bits) or in words 
(16 
bits) to or from even or odd addresses. 


NOTE: 
Only byte transfers 
are possible 
on the 80C188XL. 


Each 
DMA channel 
maintains 
both a 20-bit 
source 
and destination 
pointer 
which 
can be optionally 
in- 
cremented 
or decremented 
after each data transfer 
(by one or two depending 
on byte or word transfers). 


Each data transfer 
consumes 
2 bus cycles 
(a mini- 


mum of 8 clocks), 
one cycle 
to fetch 
data and the 


other to store data. 


The 
80C186XL 
provides 
three 
internal 
16-bit 
pro- 


grammable 
timers. 
Two of these 
are highly flexible 


and are connected 
to four external 
pins (2 per timer). 


They can be used to count external 
events, 
time ex- 


ternal 
events, 
generate 
nonrepetitive 
waveforms, 


etc. The third timer is not connected 
to any external 


pins, anel is useful for real-time 
coding 
and time de- 


lay applications. 
In addition, 
the third timer 
can be 


used as a prescaler 
to the other 
two, or as a DMA 


request 
source. 


The 80C'186XL can receive interrupts 
from a number 


of 
sources, 
both 
internal 
and 
external. 
The 


80C186XL 
has 
5 external 
and 
2 internal 
interrupt 


sources 
(Timer/Couners 
and DMA). The internal 
in- 


terrupt controller 
serves to merge these requests 
on 


a priority 
basis, for individual 
service 
by the CPU. 


Enhanc:ed Mode Operation 


In Compatible 
Mode the 80C186XL 
operates 
with all 


the features 
of the NMOS 80186, with the exception 


of 8087 support 
(Le. no math coprocessing 
is possi- 


ble in Compatible 
Mode). 
Queue-Status 
information 


is still available 
for design purposes 
other than 8087 


support. 


All 
the 
Enhanced 
Mode 
features 
are 
completely 


masked when in Compatible 
Mode. A write to any of 


the 
Enhanced 
Mode 
registers 
will 
have 
no effect, 


while a wad 
will not return any valid data. 


In Enhanced 
Mode, the 80C186XL 
will operate 
with 


Power-Selve, 
DRAM 
refresh, 
and numerics 
coproc- 


essor support 
(80C186XL 
only) in addition 
to all the 


Compatible 
Mode features. 


If connected 
to 
a 
math 
coprocessor 
(80C186XL 


only), this mode will be invoked 
automatically. 
With- 


out an NPX, this mode can be entered 
by tying the 


RESET 
output 
signal 
from 
the 
80C186XL 
to 
the 


TEST /BLSY 
input. 


The queue-status 
mode is entered 
by strapping 
the 


RD pin low. RD is sampled 
at RESET 
and if LOW, 


the 80C1 B6XL will reconfigure 
the ALE and WR pins 


to be QSO and QS1 respectively. 
This mode is avail- 


able on the 80C186XL 
in both Compatible 
and En- 


hanced 
~odes. 


• 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 


The 80C186XL, when in Enhanced Mode, can enter 
a power saving state by internally dividing the proc- 
essor clock frequency by a programmable factor. 
This divided frequency is also available at the 
CLKOUT pin. 


All internal logic, including the Refresh Control Unit 
and the timers, have their clocks slowed down by 
the division factor. To maintain a real time count or a 
fixed DRAM refresh rate, these peripherals must be 
re-programmed when entering and leaving the pow- 
er-save mode. 


Interface 
for 80C187 
Math 


Coprocessor 
(80C186XL 
Only) 


In Enhanced Mode, three of the mid-range memory 
chip selects are redefined according to Table 1 for 
use with the 80C187. The fourth chip select, MCS2 


functions as in compatible mode, and may be pro- 
grammed for activity with ready logic and wait states 
accordingly. As in Compatible Mode, MCS2 will func- 
tion for one-fourth a programmed block size. 


Compatible 
Enhanced 
Mode 
Mode 


MCSO 
PEREa 
Processor Extension Request 


MCS1 
ERROR NPX Error 
MCS2 
MCS2 
Mid-Range Chip Select 


MCSS 
NPS 
Numeric Processor Select 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186XL has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir- 
cuit Emulation". When placed in this mode, the 
80C186XL will put all pins in the high-impedance 
state until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled~~the 
10w-tQ::!!!9htransition of the RES pin. 


The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TESTIBUSY pins 
to guarantee ONCE Mode is not entered inadver- 
tently during normal operation. LCS and UCS must 
be held low at least one clock after RES goes high 
to guarantee entrance into ONCE Mode. 


This section describes the pin functions, pinout and 
thermal characteristics for the 80C186XL in the 
Quad Flat Pack (QFP), Plastic Leaded Chip Carrier 
(PLCG),Leadless Chip Carrier (LCG) and the Shrink 
Quad Flat Pack (SQFP). For complete package 
specifications and information, see the Intel Packag- 
ing Outlines and Dimensions Guide (Order Number: 
231369). 


Pin Descriptions 


Each pin or logical set of pins is described in Table 
3. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 
f 


Column 1: Pin Name 
In this column is a mnemonic that de- 
scribes the pin function. Negation of the 
signal name (Le., RESIN) implies that 
the signal is active low. 
Column 2: Pin Type 
A pin may be either power (P), ground 
(G), input only (I), output only (0) or in- 
put/output (I/O). Please note that some 
pins have more than one function. 
Column 3: Input Type (for I and I/O types only) 
These are two different types of input 
pins on the 80C186XL: asynchronous 
and synchronous. Asynchronous 
pins 
require that setup and hold times be met 
only to guarantee 
recognition. 
Synchro- 
nous 
input pins require that the setup 
and hold times be met to guarantee 


proper 
operation. 
Stated simply, missing 


a setup or hold on an asynchronous pin 
will result in something minor (Le., a tim- 
er count will be missed) whereas miss- 
ing a setup or hold on a synchronous pin 
result in system failure (the system will 
"lock up"). 
An input pin may also be edge or level 
sensitive. 
Column 4: Output States (for 0 and I/O types 


only) 
The state of an output or I/O pin is de- 
pendent on the operating mode of the 
device. There are four modes of opera- 
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow- 2 
erdown Mode. This column describes 
the output pin state in each of these 
modes. 


The legend for interpreting the information in the Pin 
Descriptions is shown in Table 2. 


As an example, please refer to the table entry for 
AD7:0. Tho "I/O" 
signifies that the pins are bidirec- 


tional (Le., have both an input and output function). 
The "S" indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The "H(Z)" indicates that these pins will float while 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. 


All pins float while the processor is in the ONCE 
Mode (with the exception of X2). 


Symbol 
Description 


P 
Power Pin (apply + Vcc voltage) 
G 
Ground (connect 
to Vss) 
I 
Input only pin 
0 
Output only pin 
I/O 
Input/Output 
pin 


S(E) 
Synchronous, 
edge sensitive 
S(L) 
Synchronous, 
level sensitive 
A(E) 
Asynchronous, 
edge sensitive 
A(L) 
Asynchronous, 
level sensitive 


H(1) 
Output driven to Vcc during bus hold 
H(O) 
Output driven to Vss during bus hold 
H(Z) 
Output floats during bus hold 
H(Q) 
Output remains active during bus hold 
H(X) 
Output retains current state during bus hold 


R(WH) 
Output weakly held at Vcc during reset 
R(1) 
Output driven to Vcc during reset 
R(O) 
Output driven to Vss during reset 
R(Z) 
Output floats during reset 
R(Q) 
Output remains active during reset 
R(X) 
Output retains current state during reset 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


Vcc 
P 
System Power: + 5 volt power supply. 


Vss 
G 
System Ground. 


RESET 
0 
H(O) 
RESET Output indi,:ates that the CPU is being reset, and can 
R(1) 
be used as a system reset. It is active HIGH, synchronized 
with the processor 
clock, and lasts an integer number of 
clock periods corresponding 
to the length of the RES signal. 


Reset goes inactivEl 2 clockout 
periods after RES goes 
inactive. When tied to the TEST/BUSY 
pin, RESET forces 
the processor 
into enhanced 
mode. RESET is not floated 
during bus hold. 


X1 
I 
A(E) 
Crystal Inputs X1 and X2 provide external 
connections 
for a 


X2 
0 
H(Q) 
fundamental 
mode or third overtone 
parallel resonant 
crystal 
for the internal oscillator. 
X1 can connect 
to an external 
R(Q) 
clock instead of a crystal. 
In this case, minimize the 
capacitance 
on X2. The input or oscillator 
frequency 
is 
internally 
divided by two to generate 
the clock signal 
(CLKOUT). 


CLKOUT 
0 
H(Q) 
Clock Output provides 
the system with a 50% duty cycle 
R(Q) 
waveform. 
All device pin timings are specified 
relative to 
CLKOUT. 
CLKOUT 
is active during reset and bus hold. 


RES 
I 
A(L) 
An active RES caUSies the processor 
to immediately 
terminate 
its present activity, clear the internal 
logic, and 
enter a dormant 
state. This signal may be asynchronous 
to 
the clock. The processor 
begins fetching 
instructions 
approximately 
6% clock cycles after RES is returned 
HIGH. 
For proper initializa1ion, Vcc must be within specifications 
and the clock signa 
must be stable for more than 4 clocks 
with RES held LOW. RES is internally 
synchronized. 
This 
input is provided with a Schmitt-trigger 
to facilitate 
power-on 
RES generation 
via an RC network. 


TEST/BUSY 
I 
A(E) 
The TEST pin is sampled 
during and after reset to determine 
(TEST) 
whether 
the processor 
is to enter Compatible 
or Enhanced 
Mode. Enhanced 
Mode requires TEST to be HIGH on the 
rising edge of RES and LOW four CLKOUT 
cycles later. Any 
other combination 
will place the processor 
in Compatible 
Mode. During power-up, 
active RES is required to configure 
TEST /BUSY 
as an input. A weak internal pullup ensures a 
HIGH state when the input is not externally 
driven. 


TEST -In 
Compatible 
Mode this pin is configured 
to operate 
as TEST. This pin is examined 
by the WAIT instruction. 
If the 
TEST input is HIGH when WAIT execution 
begins, instruction 
execution 
will suspend. 
TEST will be resampled 
every five 
clocks until it goes LOW, at which time execution 
will 
resume. If interrupts 
are enabled while the processor 
is 
waiting for TEST, interrupts 
will be serviced. 


BUSY (80C186XL a nly)-In 
Enhanced 
Mode, this pin is 
configured 
to operate 
as BUSY. The BUSY input is used to 
notify the 80C186XL. of Math Coprocessor 
activity. 
Floating 
point instructions 
executing 
in the 80C186XL 
sample the 
BUSY pin to determine 
when the Math Coprocessor 
is ready 
to accept a new command. 
BUSY is active HIGH. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


TMR INO 
I 
A(l) 
Timer Inputs are used either as clock or control 
signals, 


TMR IN 1 
A(E) 
depending 
upon the programmed 
timer mode. These 


inputs are active HIGH (or lOW-to-HIGH 
transitions 
are 


counted) 
and'internally 
synchronized. 
Timer Inputs must 


be tied HIGH when not being used as clock or retrigger 
inputs. 


TMROUTO 
0 
H(Q) 
Timer outputs are used to provide single pulse or 
TMROUT1 
R(1) 
continuous 
waveform 
generation, 
depending 
upon the 


timer mode selected. 
These outputs are not floated 


during a bus hold. 


DRQO 
I 
A(l) 
DMA Request 
is asserted 
HIGH by an external 
device 
DRQ1 
when it is ready for DMA Channel 
0 or 1 to perform 
a 


transfer. 
These signals are level-triggered 
and internally 


synchronized. 


NMI 
I 
A(E) 
The Non-Maskable 
Interrupt 
input causes a Type 2 


interrupt. 
An NMI transition 
from lOW 
to HIGH is 


latched and synchronized 
internally, 
and initiates the 


interrupt 
at the next instruction 
boundary. 
NMI must be 


asserted 
for at least one ClKOUT 
period. The Non- 


Maskable 
Interrupt 
cannot be avoided 
by programming. 


INTO 
I 
A(E) 
Maskable 
Interrupt 
Requests 
can be requested 
by 
INT1/SElECT 
A(l) 
activating 
one of these pins. When configured 
as inputs, 


INT2/INTAO 
I/O 
A(E) 
H(1) 
these pins are active HIGH. Interrupt 
Requests 
are 


synchronized 
internally. 
INT2 and INT3 may be 
INT3/INTA1/IRQ 
A(l) 
R(Z) 
configured 
to provide active-lOW 
interrupt- 


acknowledge 
output signals. All interrupt 
inputs may be 


configured 
to be either edge- or level-triggered. 
To 


ensure recognition, 
all interrupt 
requests 
must remain 


active until the interrupt 
is ackhowledged. 
When Slave 


Mode is selected, 
the function 
of these pins changes 


(see Interrupt 
Controller 
section of this data sheet). 


A19/S6 
0 
H(Z) 
Address 
Bus Outputs and Bus Cycle Status (3-6) 
A18/S5 
R(Z) 
indicate the four most significant 
address 
bits during T 1. 


A17/S4 
These signals are active HIGH. 


A16/S3 
During T2, T3, Twand 
T4, the S6 pin is lOW 
to indicate 
(A8-A15) 
a CPU-initiated 
bus cycle or HIGH to indicate 
a DMA- 


initiated or refresh bus cycle. During the same T-states, 
S3, S4 and 85 are always lOW. 
On the 80C188Xl, 


A 15-A8 
provide valid address 
information 
for the entire 


bus cycle. 


ADO-AD15 
I/O 
S(l) 
H(Z) 
Address/Data 
Bus signals constitute 
the time 
(ADO-AD7) 
R(Z) 
multiplexed 
memory or I/O address 
(T1) and data (T2, 


T3, Twand 
T4) bus. The bus is active HIGH. For the 


80C186Xl, 
Ao is analogous 
to BHE for the lower byte of 


the data bus, pins 07 through 
Do. It is lOW 
during T1 


when a byte is to be transferred 
onto the lower portion 


of the bus in memory or I/O operations. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


BHE 
0 
H(Z) 
The BHE (Bus High Enable) signal is analogous 
to Aa in that it is 


(RFSH) 
R(Z) 
used to enable data on to the most significant 
half of the data bus, 


pins 015-08. 
BHE will bEl LOW during T 1 when the upper byte is 
transferred 
and will remain LOW through T3 and Tw. BHE does 
not need to be latched. On the 8aC188XL, 
RFSH is asserted 
LOW 
to indicate a refresh bus cycle. 


In Enhanced 
Mode, BHE (RFSH) will also be used to signiL 


DRAM refresh cycles. A refresh cycle is indicated 
by both BHE 
(RFSH) and Aa being HIGiH. 


80C186XL 
SHE and AO Encodings 


SHE 
AO 
Function 
Value 
Value 


a 
a 
Word Transfer 
a 
1 
Byte Transfer 
on upper half of data bus 
(D15-D8) 
1 
a 
Byte Transfer 
on lower half of data bus (Dr 
Do) 
1 
1 
Refresh 


ALE/QSa 
0 
H(a) 
Address 
Latch Enable/Queue 
Status a is provided 
by the 


R(a) 
processor 
to latch the address. ALE is active HIGH, with 
addresses 
guaranteed 
val id on the trailing edge. 


WR/QS1 
0 
H(Z) 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is 
R(Z) 
to be written into a me mOlY or an I/O device. 
It is active LOW. 
When the processor 
is in Queue Status Mode, the ALE/QSa 
and 
WR/QS1 
pins provide information 
about processor/instruction 
queue interaction. 


QS1 
QSO 
Queue 
Operation 


a 
a 
No queue operation 
a 
1 
First op,:ode byte fetched 
from the queue 


1 
1 
Subsequent 
byte fetched 
from the queue 


1 
a 
Empty the queue 


RD/OSMD 
0 
H(Z) 
Read Strobe is an active L.OW signal which indicates 
that the 
R(1) 
processor 
is performing 
a memory or I/O read cycle. It is 


guaranteed 
not to go LOW before the AID 
bus is floated. 
An 


internal 
pull-up ensures that RD/QSMD 
is HIGH during RESET. 


Following 
RESET the pin is sampled to determine 
whether 
the 
processor 
is to provide ALE, RD, and WR, or queue status 


information. 
To enable Queue Status Mode, RD must be 


connected 
to GND. 


ARDY 
I 
A(L) 
Asynchronous 
Ready in,forms the processor 
that the addressed 
S(L) 
memory space or I/O device will complete 
a data transfer. 
The 
ARDY pin accepts 
a rising edge that is asynchronous 
to CLKOUT 


and is active HIGH. The falling edge of ARDY must be 
synchronized 
to the proce,sor 
clock. Connecting 
ARDY HIGH will 


always assert the ready condition 
to the CPU. If this line is unused, 


it should be tied LOW to yield control to the SRDY pin. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


• 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


SRDY 
I 
S(L) 
- 
Synchronous 
Ready informs the processor 
that the addressed 


memory space or I/O device will complete 
a data transfer. 
The 


SRDY pin accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 


The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished 
by elimination 
of the one-half 
clock cycle required 
. 
to internally 
synchonize 
the ARDY input signal. Connecting 
SRDY 


high will always assert the ready condition 
to the CPU. If this line is 


unused, it should be tied LOW to yield control 
to the ARDY pin. 


LOCK 
0 
- 
H(Z) 
LOCK output indicates 
that other system bus masters are not to 


R(Z) 
gain control 
of the system bus. LOCK is active LOW. The LOCK 


signal is requested 
by the LOCK prefix instruction 
and is activated 


at the beginning 
of the first data cycle associated 
with the 


instruction 
immediately 
following 
the LOCK prefix. It remains active 


until the completion 
of that instruction. 
No instruction 
prefetching 


will occur while LOCK is asserted. 


SO 
0 
- 
H(Z) 
Bus cycle status SO-S2 
are encoded 
to provide 
bus-transaction 
S1 
R(1) 
information: 


S2 
BU~Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


S2 may be used as a logical MilO 
indicator, 
and S1 as a DT /R 


indicator. 


HOLD 
I 
A(L) 
- 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 


HLDA 
0 
- 
H(1) 
The HOLD input is active HIGH. The processor 
generates 
HLDA 


(HIGH) in response 
to a HOLD request. 
Simultaneous 
with the 


R(O) 
issuance 
of HLDA, the processor 
will float the local bus and control 


lines. After HOLD is detElcted as being LOW, the processor 
will 


lower HLDA. When the processor 
needs to run another 
bus cycle, it 


will again drive the local bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle 


is pending in the processor 
and an external 
bus master has control 


of the bus. It will be up to the external 
master to relinquish 
the bus 


by lowering 
HOLD so that the processor 
may execute 
the refresh 


cycle. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


UCS 
I/O 
A(L) 
H(1) 
Upper Memory Chip Select is an active LOW output 


R(WH) 
whenever 
a memory reference 
is made to the defined 


upper portion ('1K-256K 
block) of memory. The 


address 
range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of 


RES. If both pins are held low, the processor 
will enter 


ONCE Mode. In ONCE Mode all pins assume a high 
impedance 
state and remain so until a subsequent 


RESET. UCS has a weak internal pullup that is active 
during RESET to ensure that the processor 
does not 


enter ONCE Mode inadvertently 
. 


LCS 
I/O 
A(L) 
H(1) 
Lower Memory Chip Select is active LOW whenever 
a 


R(WH) 
memory reference 
is made to the defined 
lower portion 


(1K-256K) 
of memory. The address 
range activating 
res is softwart3 programmable. 


UCS and res are sampled 
upon the rising edge of 


RES. If both pins are held low, the processor 
will enter 


ONCE Mode. I 
ONCE Mode all pins assume a high 


impedance 
state and remain so until a subsequent 


RESET. res has a weak internal pullup that is active 
only during RESET to ensure that the processor 
does 


not enter ONCE mode inadvertently. 


MCSO/PEREO 
I/O 
A(L) 
H(1) 
Mid-Range 
Memory Chip Select signals are active LOW 
MCS1/ERFiOR 
R(WH) 
when a memory reference 
is made to the defined 
mid- 


MCS2 
0 
H(1) 
range portion of memory 
(8K-512K). 
The address 


ranges activating 
MCSO-3 
are software 
programmable. 
MCS3/NPS 
R(1) 
On the 80C180XL, 
in Enhanced 
Mode, MCSO becomes 


a PEREO input (Processor 
Extension 
Request). 
When 


connected 
to the Math Coprocessor, 
this input is used 


to signal the 8()C186XL when to make numeric data 
transfers 
to and from the coprocessor. 
MCS3 becomes 


Ni5S (Numeric 
Processor 
Select) which may On&be 


activated 
by R)mmUnication 
to the 80C187. 
M 
1 


becomes 
ER 
C5Rin Enhanced 
Mode and is used to 


signal numerics 
coprocessor 
errors. 
~ 
0 
H(1) 
Peripheral 
Chip Select signals 0-4 
are active LOW 
PCST 
R(1) 
when a reference 
is made to the defined 
peripheral 


PCS2 
area (64 KbytEI I/O or 1 MB~S memory space). The 


PCS3 
address ranges activating 
P 
0-4 
are software 


PCS4 
programmable,. 


PCS5/A1 
0 
H(1)/H(X) 
Peripheral 
Chip Select 5 or Latched A 1 may be 


R(1) 
programmed 
t,:>provide a sixth peripheral 
chip select, or 


to provide an inter2:~IY latched A 1 signal. The address 
pCRe activating 
P 
5 is software-programmable. 


5/ A 1 doe:s not float during bus HOLD. When 


programmed 
t,:>provide 
latched A 1, this pin will retain 


the previously 
latched value during HOLD. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


• 


intel~ 


Pin 
Pin 
Input 
Output 
Pin Description 
Name 
Type 
Type 
States 


PCS6/A2 
0 
- 
H(1)/H(X) 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 


R(1) 
to provide a seventh 
peripheral 
chip select, or to provide an 


internally 
latched A2 signal. The address 
range activating 


PCS6 is software-programmable. 
PCS6/ A2 does not float 


during bus HOLD. When programmed 
to provide 
latched A2, 


this pin will retain the previously 
latched value during HOLD. 


DT/R 
0 
- 
H(Z) 
Data Transmit/Receive 
controls 
the direction 
of data flow 


R(Z) 
through 
an external 
data bus transceiver. 
When LOW, data is 


transferred 
to the procesor. 
When HIGH the processor 


places write data on the data bus. 


DEN 
0 
- 
H(Z) 
Data Enable is provided 
as a data bus transceiver 
output 


R(1,Z) 
enable. 
DEN is active LOW during each memory and I/O 
access (including 
80C187 access). 
DEN is HIGH whenever 


DT /R" changes 
state. During RESET, DEN is driven HIGH for 


one clock, then floated. 


N.C. 
- 
- 
- 
Not connected. 
To maintain 
compatibility 
with future 


products, 
do not connect 
to these pins. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 
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NOTE: 
XXXXXXXXC 
indicates 
the Intel FPO number. 
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Contacts 
Facing Up 


3536373839404142434445464148495051 


'""'.! 
oz 


CD 
CD 
Ol/l 
N'-' 
~~ 
~~ 
U~ 
Ox 
ClJX 
ZX 


80-Pln Quad Flat Pack (EI~~J) 


Contacts 
Contacts 
Facing Up 
Facing Down 


65 
65 


64 
64 


0._- 
,....x 
U) 


1,.' X 
00 
::~g 
~~~(; 
£~~ 
'"0 


41 
24 
24 
41 


40 
25 
25 
40 
272431-8 


• 


AD Bus 


ADO 
17 
AD1 
15 
AD2 
13 
AD3 
11 
AD4 
8 
AD5 
6 
AD6 
4 
AD7 
2 
AD8 (A8) 
16 
AD9 (A9) 
14 
AD10 (A10) 
12 
AD11 (A11) 
10 
AD12 (A12) 
7 
AD13 (A13) 
5 
AD14 (A14) 
3 
AD15 (A15) 
1 
A16/S3 
68 
A17/S4 
67 
A18/S5 
66 
A19/S6 
65 


Bus Control 


ALE/QSO 
61 
BHE (RFSH) 
64 
SO 
52 
S1 
53 
S2 
54 
RD/QSMD 
62 
WR/QS1 
63 
ARDY 
55 
SRDY 
49 
DEN 
39 
DT/R 
40 
LOCK 
48 
HOLD 
50 
HLDA 
51 


NOTE: 
Pin names 
in parentheses 
apply "to the 80C188XL. 


I"rocessor ~omrol 


RES 
24 
RESET 
57 
X1 
59 
X2 
58 
CLKOUT 
56 
TEST/BUSY 
47 
NMI 
46 
INTO 
45 
INT1/SELECT 
44 
INT2/iNTAO 
42 


INT3/INTA1 
41 


Power and Ground 


Vcc 
9 
Vcc 
43 
Vss 
26 
Vss 
60 


'IV 
• 


UCS 
LCS 


MCSO/PEREQ 
MCS1/ERROR 
MCS2 
MCS3INPS 


PCSO 
PCS1 
PCS2 
PCS3 
PCS4 
PCS5/A1 
PCS6/A2 


TMR INO 
TMR IN 1 
TMROUTO 
TMR OUT 1 


DRQO 
DRQ1 


1 
AD15 (A15) 


2 
AD7 


3 
AD14 (A14) 


4 
AD6 


5 
AD13 (A13) 
6 
AD5 
7 
AD12 (A12) 
8 
AD4 
9 
Vcc 


10 
AD11 (A11) 
11 
AD3 


12 
AD10 (A10) 
13 
AD2 
14 
AD9(A9) 


15 
AD1 


16 
AD8 (A8) 


17 
ADO 


18 
DRQO 
19 
DRQ1 
20 
TMR IN 0 
21 
TMR IN 1 
22 
TMROUTO 
23 
TMR OUT 1 
24 
RES 
25 
PCSO 
26 
Vss 
27 
PCS1 
28 
PCS2 
29 
PCS3 
30 
PCS4 
31 
PCS5/A1 
32 
PCS6/A2 
33 
LCS 
34 
UCS 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


35 
MCS3INPS 
36 
MCS2 
37 
MCS1/ERROR 
38 
MCSO/PEREQ 
39 
DEN 
40 
DT/R 
41 
INT3/INTA1 
42 
INT2/INTAO 
43 
VCC 
44 
INT1/SELECT 
45 
INTO 
46 
NMI 
47 
lEST/BUSY 
48 
LOCK 
49 
SRDY 
50 
HOLD 
51 
HLDA 


52 
SO 


53 
S1 


54 
S2 


55 
ARDY 


56 
CLKOUT 


57 
RESET 


58 
X2 


59 
X1 


60 
VSS 


61 
ALE/QSO 
62 
RD/QSMD 
63 
WR/QS1 
64 
BHE (RFSH) 


65 
A19/S2 


66 
A18/S3 


67 
A17/S4 


68 
A16/S3 


AD Bus 


ADO 
64 


AD1 
66 


AD2 
68 


AD3 
70 
AD4 
74 
AD5 
76 


AD6 
78 


AD7 
80 


AD8 (A8) 
65 


AD9(A9) 
67 


AD10 (A10) 
69 


AD11 (A11) 
71 


AD12 (A12) 
75 


AD13 (A13) 
77 
AD14 (A14) 
79 
AD15 (A15) 
1 


A16/S3 
3 
A171S4 
4 
A18/S5 
5 
A19/S6 
6 


Bus Control 


ALE/QSO 
10 
BHE(RFSH) 
7 
SO 
23 
S1 
22 
S2 
21 
RD/QSMD 
9 
WR/QS1 
8 
ARDY 
20 
SRDY 
27 
DEN 
38 
DT/R 
37 
LOCK 
28 
HOLD 
26 
HLDA 
25 


No Connection 


N.C. 
2 
N.C. 
11 
N.C. 
14 
N.C. 
15 
N.C. 
24 
N.C. 
43 
N.C. 
44 
N.C. 
62 
N.C. 
63 


ProC.lssor Control 


RES 
55 
RESET 
18 
X1 
16 
X2 
17 
CLKOLJT 
19 
TEST/BUSY 
29 
NMI 
30 
INTO 
31 
INT1/~;ELECT 
32 
INT2/fNTAO 
35 
INT3/fNTA1 
36 


Power and Ground 


Vee 
33 
Vee 
34 
Vee 
72 
Vee 
73 
Vss 
12 
Vss 
13 
Vss 
53 


NOTE: 
Pin names 
in parentheses 
apply to the 80e188XL. 


Table 7. QFP Pin Locations wltl, Pin Names 


1 
AD15 (A15) 
2 
N.C. 


3 
A16/S3 


4 
A17/S4 


5 
A18/S5 
6 
A19/S6 
7 
BHE/(RFSH) 
8 
WR/QS1 
9 
RD/QSMD 


10 
ALE/QSO 


11 
N.C. 
12 
Vee 


13 
Vee 


14 
N.C. 
15 
N.C. 


16 
X1 


17 
X2 
18 
RESET 


19 
CLKOUT 


20 
ARDY 


21 
52 
22 
S1 
23 
SO 
24 
N.C. 


25 
HLDA 
26 
HOLD 
27 
SRDY 
28 
LOCK 
29 
TEST/BUSY 
30 
NMI 
31 
INTO 
32 
INT1/SELECT 
33 
Vee 
34 
Vee 
35 
INT2/1NTAO 
36 
INT3/1NTA1 
37 
DT/R 
38 
DEN 
39 
MCSO/PEREQ 
40 
MCS1/ERROR 


NOTE: 
Pin names 
in parentheses 
apply to the 80e188XL. 


41 
MCS2 
42 
MCS3/NPS 
43 
N.C. 


44 
N.C. 


45 
lJCS 
46 
I:GS 
47 
f'CS6/A2 
48 
f'CS5/A1 
49 
f'CS4 
50 
f'CS3 
51 
f'CS2 
52 
f'CS1 
53 
\fee 
54 
F'CSO 
55 
f~ES 
56 
TMROUT 
1 
57 
TMROUTO 
58 
TMR IN 1 
59 
TMR INO 
60 
DRQ1 


1/0 


UCS 
45 


LCS 
46 


MCSO/PEREQ 
39 


MCS1/ERROR 
40 


MCS2 
41 


MCS3INPS 
42 


PCSO 
54 


PCS1 
52 


PCS2 
51 


PCS3 
50 


PCS4 
49 


PCS5/A1 
48 


PCS6/A2 
47 


TMR INO 
59 


TMR IN 1 
58 


TMROUTO 
57 


TMROUT 
1 
56 


DRQO 
61 


DRQ1 
60 


61 
DRQO 


62 
N.C. 


63 
N.C. 


64 
ADO 


65 
AD8 (A8) 


66 
AD1 


67 
AD9(A9) 


68 
AD2 
I 


69 
AD10 (A10) 


70 
AD3 


71 
AD11 (A11) 


72 
Vee 


73 
Vee 


74 
AD4 


75 
AD12 (A12) 


76 
AD5 


77 
AD13 (A13) 


78 
AD6 


79 
AD14 (A14) 


80 
AD7 


AD Bus 


ADO 
1 
AD1 
3 
AD2 
6 
AD3 
8 
AD4 
12 
AD5 
14 
AD6 
16 
AD7 
18 
AD8 (A8) 
2 
AD9 (A9) 
5 
AD10 (A10) 
7 
AD11 (A11) 
9 
AD12 (A12) 
13 
AD13 (A13) 
15 
AD14 (A14) 
17 
AD15 (A15) 
19 
A16/S3 
21 
A17/S4 
22 
A18/S5 
23 
A19/S6 
24 


Bus Control 


ALE/QSO 
29 
BHE (RFSH) 
26 
SO 
40 
S1 
39 
S2 
38 
RD/QSMD 
28 
WR/QS1 
27 
ARDY 
37 
SRDY 
44 
DEN 
56 
DT/A 
54 
LOCK 
45 
HOLD 
43 
HLDA 
42 


No Connection 


N.C. 
4 
N.C. 
25 
N.C. 
35 
N.C. 
55 
N.C. 
72 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


1 
ADO 
2 
AD8 (A8) 
3 
AD1 
4 
N.C. 
5 
AD9(A9) 
6 
AD2 
7 
AD10 (A10) 
8 
AD3 
9 
AD11 (A11) 
10 
VCC 
11 
VCC 
12 
AD4 
13 
AD12 (A12) 
14 
AD5 
15 
AD13 (A13) 
16 
AD6 
17 
AD14 (A14) 
18 
AD7 
19 
AD15 (A15) 
20 
VCC 


Processor 
Control 


RES 
73 
RESET 
34 
X1 
32 
X2 
33 
CLKOUT 
36 
TEST/BUSY 
46 
NMI 
47 
INTO 
48 
INT1/SELECT 
49 
INT2/INTAO 
52 
INT3/INTA1 
53 


Power and Ground 


Vcc 
10 
Vcc 
11 
Vcc 
20 
Vcc 
50 
Vcc 
51 
Vcc 
61 
Vss 
30 
Vss 
31 
Vss 
41 
Vss 
70 
Vss 
80 


21 
A16/S3 
22 
A17/S4 
23 
A18/S5 
24 
A19/S6 
25 
N.C. 
26 
BHE(RFSH) 
27 
WR/QS1 
28 
RD/QSMD 
29 
ALE/QSO 
30 
Vss 
31 
Vss 
32 
X1 
33 
X2 
34 
RESET 
35 
N.C. 
36 
CLKOUT 
37 
ARDY 
38 
S2 
39 
S1 
40 
SO 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188XL. 


41 
VSS 
42 
HLDA 
43 
HOLD 
44 
SRDY 
45 
LOCK 
46 
TEST/BUSY 
47 
NMI 
48 
INTO 
49 
INT1/SELECT 
50 
VCC 
51 
VCC 
52 
INT2/INTAO 
53 
INT3/INTA1 
54 
DTtR 
55 
N.C. 
56 
DEN 
57 
MCSO/PEREQ 
58 
MCS1/ERROR 
59 
MCS2 
60 
MCS3/NPS 


intel~ 


I/O 


UCS 
62 
LCS 
63 


MCSO/PEREQ 
57 
MCS1/ERROR 
58 
MCS2 
59 
MCS3/NPS 
60 


PCSO 
71 
PCS1 
69 
PCS2 
68 
PCS3 
67 
PCS4 
66 
PCS5/A1 
65' 


PCS6/A2 
64 


TMR INO 
77 
TMR IN 1 
76 
TMR OUTO' 
75 
TMROUT 
1 
74 


DRQO 
79 
DRQ1 
78 


61 
Vcc 
62 
UCS 
63 
LCS 
64 
PCS6/A2 
65 
PCS5/A1 
66 
PCS4 
67 
PCS3 
68 
PCS2 
69 
PCS1 
70 
Vss 
71 
PCSO 
72 
N.C. 


73 
RES 
74 
TMR OUT 1 
75 
TMROUTO 
76 
TMR IN 1 
77 
TMR INO 
78 
DRQ1 
79 
DRQO 
80 
Vss 


intel~ 


NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheel before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
,qatings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Absolute 
Maximum Ratings· 


Ambient 
Temperature 
under Bias 
.... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
1W 


Not to exceed 
the maximum 
allowable 
die tempera- 


ture based on thermal 
resistance 
of the package. 
NOTICE: 
The specifications 
are subject 
to change 


without 
notice. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.2 Vee - 
0.::1 
V 
(Except X1) 


VIl1 
Clock Input Low 
-0.5 
0.6 
V 
Voltage 
(X1) 


VIH 
Input High Voltage 
0.2Vee 
+ 0.9 
Vee + 0.5 
V 
(All except X1 and RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vee + 0.5 
V 


VIH2 
Clock Input High 
3.9 
Vee + 0.5 
V 
Voltage 
(X1) 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 2.5 mA (SO, 1, 2) 
IOl = 2.0 mA (others) 


VOH 
Output High Voltage 
2.4 
Vee 
V 
IOH = -2.4 
mA @ 2.4V (4) 


Vee - 
0.5 
Vee 
V 
IOH = -200 
poA@ Vee -0.5(4) 


Ice 
Power Supply Current 
100 
mA 
@20MHz,O°C 
Vee = 5.5V(3) 


62.5 
mA 
@ 12 MHz, O°C 
Vee = 5.5V (3) 


100 
poA 
@DCO°C 


Vee = 5.5V 


III 
Input Leakage Current 
±10 
poA 
@0.5MHz, 
0.45V ~ VIN ~ Vee 


ILO 
Output 
Leakage Current 
±10 
poA 
@0.5MHz, 
0.45V ~ VOUT ~ Vee(1) 


VelO 
Clock Output Low 
0.45 
V 
lelO = 4.0mA 


• 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VCHO 
Clock Output High 
VCC - 0.5 
V 
ICHO = - 500 /-LA 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
Output or I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/OSMD, ucg, LCS, MCSO/PEREa, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some 
of these pins above IOH = - 200 /-LA can cause the processor to go into alternative modes of operation. See the section on 
Local Bus Controller and Reset for details. 


laL is the quiescent 
leakage 
current 
when the clock 
is static. 
laL is typically 
less than 100 pA 


Current 
is linearly 
proportional 
to clock 
frequency 
and is measured 
with the device 
in RESET with X1 
and X2 driven 
and all other 
non-power 
pins open. 


Maximum 
current 
is given 
by Icc 
= 5 mA 
x 
freq. 
(MHz) + IQL. 
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MAJOR 
CYCLE 
TIMINGS 
(READ 
CYCLE) 
TA = O·Cto 
+70·C, 
VCC = 5V ±10% 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output 
test conditions 
are with CL = 50 pF. 
For AC tests, 
input VIL = 0.45V and VIH = 2.4V except 
at X1 where VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


80C186XL 
GENERAL 
TIMING 
REQUIREMENTS 
(Listed 
More Than Once) 


TDVCL 
Data in Setup (AID) 
15 
10 
ns 


TCLDX 
Data in Hold (A/D) 
3 
3 
ns 


80C186XL 
GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
3 
35 
3 
25 
ns 


TCLSH 
Status Inactive 
Delay 
3 
35 
3 
25 
ns 


TCLAV 
Address 
Valid Delay 
3 
36 
3 
27 
ns 


TCLAX 
Address 
Hold 
0 
0 
ns 


TCLDV 
Data Valid Delay 
3 
36 
3 
27 
ns 


TCHDX 
Status Hold Time 
10 
10 
ns 


TCHLH 
ALE Active Delay 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 
15 
TCLCL - 
15 
ns 


TCHLL 
ALE Inactive 
Delay 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCH - 
15 
TCLCH - 
10 
ns 
Equal 
Loading 


TLLAX 
Address 
Hold from ALE 
TCHCL - 
15 
TCHCL - 
10 
ns 
Equal 
Inactive 
Loading 


TAVCH 
Address 
Valid to Clock High 
0 
0 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
25 
TCLAX 
20 
ns 


TCLCSV 
Chip-Select 
Active Delay 
3 
33 
3 
25 
ns 


Tcxcsx 
Chip-Select 
Hold from 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 
Command 
Inactive 
Loading 


TCHCSX 
Chip-Select 
Inactive 
Delay 
3 
30 
3 
20 
ns 


TDXDL 
DEN Inactive to DT /R Low 
0 
0 
ns 
Equal 
Loading 


TCVCTV 
Control Active Delay 1 
3 
37 
3 
ns 


TCVDEX 
DEN Inactive 
Delay 
3 
37 
3 
ns 


TCHCTV 
Control Active Delay 2 
3 
37 
3 
ns 


TCLLV 
LOCK Valid/lnvalid 
Delay 
3 
37 
3 
ns 


• 
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MAJOR 
CYCLE 
TIMINGS 
(READ 
CYCLE) 
(Continued) 
TA = O°C to + 70°C, VCC = 5V ±10% 
All timings 
are measured 
at 1.5V and 50 pF loading on CLKOUT 
unless otherwise 
noted. 
All output 
test conditions 
are with CL == 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where 
VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


80C186XL 
TIMING 
RESPONSES 
(Read Cycle) 


TAZRL 
Address 
Float to RD Active 
0 
0 
ns 


TCLRL 
RD Active Delay 
3 
37 
3 
27 
ns 


TRLRH 
RD Pulse Width 
2TCLCL - 
25 
2TCLCL - 
20 
ns 


TCLRH 
RD Inactive 
Delay 
3 
37 
3 
27 
ns 


TRHLH 
RD Inactive to ALE High 
TCLCH - 
14 
TCLCH - 
14 
ns 
Equal 
Loading 


TRHAV 
RD Inactive to Address 
TCLCL - 
15 
TCLCL - 
15 
ns 
Equal 
Active 
Loading 


intel~ 


MAJOR 
CYCLE 
TIMINGS 
(WRITE 
CYCLE) 
TA = O·C to + 70·C, Vcc = 5V ± 10% 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 
All output 
test conditions 
are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where 
VIH = VCC - 
0.5V. 


ValutlS 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


8OC186XL GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
3 
35 
3 
25 
ns 


TCLSH 
Status Inactive 
Delay 
3 
35 
3 
25 
ns 


TCLAV 
Address 
Valid Delay 
3 
36 
3 
27 
ns 


TCLAX 
Address 
Hold 
0 
0 
ns 


TCLDV 
Data Valid Delay 
3 
36 
3 
27 
ns 


TCHDX 
Status Hold Time 
10 
10 
ns 


TCHLH 
ALE Active Delay 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 
15 
TCLCL - 
15 
ns 


TCHLL 
ALE Inactive 
Delay 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCH - 
15 
TCLCH - 
10 
ns 
Equal 
Loading 


TlLAX 
Address 
Hold from ALE 
TCHCL - 
15 
TCHCL - 
10 
ns 
Equal 
Inactive 
Loading 


TAVCH 
Address 
Valid to Clock High 
0 
0 
ns 


TClDOX 
Data Hold Time 
3 
3 
ns 


TcVCTV 
Control Active Delay 1 
3 
37 
3 
25 
ns 


TCVCTX 
Control 
Inactive 
Delay 
3 
37 
3 
25 
ns 


TCLCSV 
Chip-Select 
Active Delay 
3 
33 
3 
25 
ns 


Tcxcsx 
Chip-Select 
Hold from 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 
Command 
Inactive 
Loading 


TCHCSX 
Chip-Select 
Inactive 
Delay 
3 
30 
3 
20 
ns 


TDXDL 
DEN Inactive to DT /R Low 
0 
0 
ns 
Equal 
Loading 


TCLLV 
LOCK Valid/Invalid 
Delay 
3 
37 
3 
22 
ns 


80C186XL 
TIMING 
RESPONSES 
(Write Cycle) 


TWLWH 
WR Pulse Width 
2TCLCL - 
25 
:!TCLCL - 
20 
ns 


TWHlH 
WR Inactive to ALE High 
TClCH - 
14 
TClCH - 
14 
ns 
Equal 
Loading 


TWHDX 
Data Hold after WR 
TCLCL - 
20 
TCLCl - 
15 
ns 
Equal 
Loading 


TWHDEX 
WR Inactive to DEN Inactive 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 
Loading 


• 
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MAJOR 
CYCLE 
TIMINGS 
(INTERRUPT 
ACKNOWLEDGE 
CYCLE) 
TA = O·Cto 
+70·C, 
VCC = 5V ±100/0 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless otherwise 
noted. 


All output test conditions 
are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where 
VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Min 
Max 
Min 
Max 


80C186XL 
GENERAL 
TIMING 
REQUIREMENTS 
(Listed 
More Than Once) 


TOVCL 
Data in Setup (AID) 
15 
10 
ns 


TCLOX 
Data in Hold (AID) 
3 
3 
ns 


80C186XL 
GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
3 
35 
3 
25 
ns 


TCLSH 
Status Inactive 
Delay 
3 
35 
3 
25 
ns 


TCLAV 
Address 
Valid Delay 
3 
36 
3 
27 
ns 


TAVCH 
Address 
Valid to Clock High 
0 
0 
ns 


TCLAX 
Address 
Hold 
0 
0 
ns 


TCLOV 
Data Valid Delay 
3 
36 
3 
27 
ns 


TCHOX 
Status Hold Time 
10 
10 
ns 


TCHLH 
ALE Active Delay 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 
15 
TCLCL - 
15 
ns 


TCHLL 
ALE Inactive 
Delay 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCH - 
15 
TCLCH - 
10 
ns 
Equal 
Loading 


TLLAX 
Address 
Hold to ALE 
TCHCL - 
15 
TCHCL - 
10 
ns 
Equal 
Inactive 
Loading 


TCLAZ 
Address 
Float Delay 
TCLAX 
25 
TCLAX 
20 
ns 


TCVCTV 
Control Active Delay 1 
3 
37 
3 
25 
ns 


TCVCTX 
Control 
Inactive 
Delay 
3 
37 
3 
25 
ns 


TOXOL 
DEN Inactive to DT /R Low 
0 
0 
ns 
Equal 


Loading 


TCHCTV 
Control Active Delay 2 
3 
37 
3 
22 
ns 


TCVOEX 
DEN Inactive 
Delay 
3 
37 
3 
22 
ns 
(Non-Write 
Cycles) 


TCLLV 
LOCK Valid/Invalid 
Delay 
3 
37 
3 
22 
ns 


SOFTWARE 
HALT CYCLE 
TIMINGS 
TA = O·Cto 
+70·C, 
VCC = 5V ±10% 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output 
test conditions 
are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where VIH = Vcc 
- 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


80C186XL 
GENERAL 
TIMING 
REQUIREMENTS 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
3 
35 
3 
25 
ns 


TCLSH 
Status Inactive 
Delay 
3 
35 
3 
25 
ns 


TCLAV 
Address 
Valid Delay 
3 
36 
3 
27 
ns 


TCHLH 
ALE Active Delay 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 
15 
TCLCL - 
15 
ns 


TCHLL 
ALE Inactive 
Delay 
25 
20 
ns 


TDXDL 
DEN Inactive to DT fA Low 
0 
0 
ns 
Equal 
Loading 


TCHCTV 
Control Active Delay 2 
3 
37 
3 
22 
ns • 


CLOCK 
TIMINGS 
TA = O·C to +70·C, 
VCC = 5V ±10% 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output test conditions 
are with CL = 50 pF. 
For AC tests, 
input VIL = 0.45V and VIH = 2.4V except 
at X1 where 
VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
8OC186XL12 
8OC188XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


80C186XL 
CLKIN REQUIREMENTS(1) 


TCKIN 
CLKIN Period 
40 
ClO 
25 
ClO 
ns 


TCLCK 
CLKIN Low Time 
16 
ClO 
10 
ClO 
ns 
1.5V(2) 


TCHCK 
CLKIN High TIme 
16 
ClO 
10 
ClO 
ns 
1.5V(2) 


TCKHL 
CLKIN Fall Time 
5 
5 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
5 
5 
ns 
1.0to 
3.5V 


80C186XL 
CLKOUT 
TIMING 


TCICO 
CLKIN to CLKOUT 
Skew 
21 
17 
ns 


TCLCL 
CLKOUT 
Period 
80 
ClO 
50 
ns 


TCLCH 
CLKOUT 
Low Time 
0.5 TCLCL - 
5 
0.5 TCLCL - 
5 
ns 
CL = 100 pF(3) 


TCHCL 
CLKOUT 
High Time 
0.5 TCLCL - 
5 
0.5 TCLCL - 
5 
ns 
CL = 100 pF(4) 


TCH1CH2 
CLKOUT 
Rise Time 
10 
8 
ns 
1.0to 
3.5V 


TCL2CL1 
CLKOUT 
Fall Time 
10 
8 
ns 
3.5 to 1.0V 


NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. TCLCKand TCHCK(CLKIN Low and High times) should not have a duration less than 40% of TCKIN. 
3. Tested under worst case conditions: Vcc = 5.5V. TA = 70"C. 
4. Tested under worst case conditions: Vcc = 4.5V. TA = O"C. 


READY, 
PERIPHERAL 
AND QUEUE 
STATUS 
TIMINGS 
TA = O·Cto 
+70·C, 
VCC = 5V ±10% 
All timings 
are measured 
at 1.5V and 5Q pF loading on CLKOUT 
unless otherwise 
noted. 
All output test conditions 
are with CL = 50 pF. 
For AC tests, 
input VIL = 0.45V and VIH = 2.4V except 
at X1 whore 
VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL12 
80C186XL20 
Unit 
Test 
Conditions 
Mln 
Max 
Mln 
Max 


80C186XL'READY 
AND PERIPHERAL 
TIMING 
REQUIREMENT~3 
(Listed 
More Than Once) 


TSRYCL 
Synchronous 
Ready (SRDY) 
15 
10 
ns 
Transition 
Setup Time(l) 


TCLSRY 
SRDY Transition 
Hold Time(l) 
15 
10 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
10 
ns 
Setup Time(2) 


TCLARX 
ARDY Active Hold Time(l) 
15 
10 
ns 


TARYCHL 
ARDY Inactive 
Holding Time 
15 
10 
ns 


TARYLCL 
Asynchronous 
Ready 
25 
15 
ns 
(ARDY) Setup Time(l) 


TINVCH 
INTx, NMI, TEST IBUSY, 
15 
10 
ns 
TMR IN Setup Time(2) 


TINVCL 
DRQO, DRQ1 Setup Time(2) 
15 
10 
ns 


80C186XL 
PERIPHERAL 
AND QUEUE STATUS 
TIMING 
RESPO'NSES 


TCLTMV 
Timer Output Delay 
33 
22 
ns 


TCHQSV 
Queue Status Delay 
32 
27 
ns 


NOTES: 
1. To guarantee 
proper 
operation. 


2. To guarantee 
recognition 
at clock 
edge. 


• 
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RESET 
AND HOLD/HLDA 
TIMINGS 
TA = O·C to + 70·C, VCC = 5V ± 10% 
All timings 
are measured 
at 1.5V and 50 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output 
test conditions 
are with CL = 50 pF. 


For AC tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where 
VIH = VCC - 
0.5V. 


Values 


Symbol 
Parameter 
80C186XL 
12 
80C186XL20 
Unit 
Test 
Conditions 
Min 
Max 
Min 
Max 


80C186XL 
RESET AND HOLD/HLDA 
riMING 
REQUIREMENTS 


TRESIN 
RES Setup 
15 
15 
ns 


THVCL 
HOLD Setup(1) 
15 
10 
ns 


80C186XL 
GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCLAZ 
Address 
Float Delay 
TCLAX 
25 
TCLAX 
20 
ns 


TCLAV 
Address 
Valid Delay 
3 
36 
3 
22 
ns 


80C186XL 
RESET AND HOLD/HLDA 
TIMING 
RESPONSES 


TClRO 
Reset Delay 
33 
22 
ns 


TClHAV 
HLDA Valid Delay 
3 
33 
3 
22 
ns 


TCHCZ 
Command 
Lines Float Delay 
33 
25 
ns 


TCHCV 
Command 
Lines Valid Delay 
36 
26 
ns 
(after Float) 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


BHE (RFSH), 
A19/S6· 
A16/S3 


(A19 - AS) 


AD15· 
ADO 
(AD7· 
ADO) 


LCS, MCS, UCS, 
-- 
PCS, NPS(Note 
2) 


ALE 


TCHLH 


NOTES: 
1. Status 
inactive 
in state 
preceding 
T4. 


2. If latched 
A1 and A2 are selected 
instead 
of PCS5 and PCS6, only TCl.CSV is applicable. 


3. For write cycle 
followed 
by read cycle. 


4. T 1 of next bus cycle. 
5. Changes 
in T·state 
preceding 
next bus cycle 
if followed 
by write. 
Pin names 
in parentheses 
apply to the 80C188XL. 
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SHE (RFSH), 
A19/S6· 
A16/S3 
(A19 - AS) 


AD15· 
ADO 
(AD7· 
ADO) 


LCS, MCS, UCS, 
-- 
PCS, NPS(Note 
2) 


NOTES: 
1. Status 
inactive 
in state preceding 
T4. 


2. If latched 
A1 and A2 are selected 
instead 
of PCS5 and PCS6, only TCLCSV is applicable. 
3. For write cycle 
followed 
by read cycle. 


4. T 1 of next bus cycle. 
5. Changes 
in T-state 
preceding 
next bus cycle 
if followed 
by read, INTA, or halt. 


Pin names 
in parentheses 
apply to the 80C188XL. 


BHE (RFSH), 
A19/S6· 
A16/S3 
(A19· 
AS) 


AD15·ADO 
(AD7· 
ADO) 


T CVCTV 
(Note 3) 


TCVCTV 


LOCK 
(Nole 5) 


NOTES: 
1. Status 
inactive 
in state preceding 
T4. 
2. The data hold time lasts only until INT A goes inactive, 
even if the INT A transition 
occurs 
prior to TCLDX 
(min). 


3. INTA occurs 
one clock 
later in Slave 
Mode. 
4. For write cycle 
followed 
by interrupt 
acknowledge 
cycle. 
5. "[(5Ci( 
is active 
upon T 1 of the first interrupt 
acknowledge 
cycle 
and inactive 
upon T2 of the second 
interrupt 
acknowl- 
edge cycle. 
6. Changes 
in T-state 
preceding 
next bus cycle 
if followed 
by write. 
Pin names 
in parentheses 
apply to the 80C188XL. 


• 


A19/S6-A16/S3 
(A19 - AS), 
AD15-ADO 
(AD7 - ADO) 


NOTE: 
1. For write cycle 
followed 
by halt cycle. 
Pin names 
in parentheses 
apply to the 80C188Xl. 
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TCLCK-~ 


TCLCL__ 


T Cl2Cl1 


-TCHCl 


TSRYCL 
+- 
-+ 
-TCLSRY 
. 


• 


ARDY 
(Normally 
Not 
Ready System) 


ARDY i 
(Normally Ready 
System) 


~TO·3,NMI, 
TEST, TIMERIN 


lWor 
lWor 
T3 or 
lWor 
T2 or 
T3 or 
T4 


T1 
T2 
T3 


TCLTMV 
1 


1 
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AD15-ADO 
(AD7-ADO), 
1 


DEN 


A19/S6 
- A16/S3 
(A19_-_M_)_, 
---I:~ 
RD, 
WR, am: (RFSH), 
_ 


DTiR,52. so, --------1 
_TCHez 


LOCK 


AD15- 
ADO (AD7 -ADO), 
\\- 


DEN 
I, 
TCHCV 
14- 


A 19/56 
- A 16/S3 
(A19 - M), 
RD, 
WR, SRE (RFSH),------------_lr--_1J 
DTiR,52 - so, 
I 
~~------- 


LOCK 


Each timing symbol has from 5 to 7 characters. The first charact<eris always a 'T' (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 
A: 
Address 
ARY: Asynchronous Ready Input 
C: 
Clock Output 
CK: 
Clock Input 
CS: 
Chip Select 
CT: 
Control (DTlA, DEN, ... ) 
0: 
Data Input 
DE: 
DEN 


H: 
Logic Level High 
OUT: Input (DROO,TIMO,... ) 
L: 
Logic Level Low or ALE 
0: 
Output 
OS: 
Oueue Status (OS1, OS2) 
R: 
RD Signal, RESET Signal 
S: 
Status (SO, Sf, 52) 
SRY: Synchronous Ready Input 
V: 
Valid 
W: 
WR Signal 
X: 
No Longer a Valid Logic Level 
Z: 
Float 


Examples: 


TCLAY 
- 
Time from Clock low to Address valid 
TCHLH 
- 
Time from Clock high to ALE high 
TCLCSV 
- 
Time from Clock low to Chip Select valid 


Typical 
Output 
Delay Capacitive 
I)erating 
8 


7 


6 
X = high-Io-Iow 
0= 
low-Io-high 


5 


on 


<4 
-5 


3 


2 


Typical 
Rise and Fall Times for TTL VClltage Levels 


8 


7 


Typical 
Rise and Fall Times for CMOS Voltage 
Levels 


16 


• 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the 80C186XL 
mi- 


croprocessor. 
EXPRESS 
products 
are designed 
to 
meet the needs of those applications 
whose operat- 


ing requirements 
exceed 
commercial 
standards. 


The 80C186XL 
EXPRESS 
program 
includes 
an ex- 


tended 
temperature 
range. 
With 
the 
commercial 
standard 
temperature 
range, 
operational 
character- 


istics are guaranteed 
over the temperature 
range of 


O·C to + 70·C. With the extended 
temperature 
range 


option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


Package types and EXPRESS versions 
are identified 


by a one or two-letter 
prefix to the part number. The 
prefixes are listed in Table 10. All AC and DC specifi- 
cations 
not mentioned 
in this section 
are the same 


for both commercial 
and EXPRESS 
parts. 


Prefix 
Package 
Temperature 
Type 
Range 


A 
PGA 
Commercial 


N 
PLCC 
Commercial 


R 
LCC 
Commercial 


S 
QFP 
Commercial 


SB 
SQFP 
Commercial 


TA 
PGA 
Extended 


TN 
PLCC 
Extended 


TR 
LCC 
Extended 


TS 
QFP 
Extended 


80C186XL/80C188XL 
EXECUTION 


TIMINGS 


A determination 
of program 
execution 
timing 
must 


consider 
the 
bus cycles 
necessary 
to prefetch 
in- 


structions 
as well 
as the 
number 
of execution 
unit 


cycles 
necessary 
to execute 
instructions. 
The 
fol- 


lowing instruction 
timings represent 
the minimum 
ex- 


ecution time in clock cycles for each instruction. 
The 


timings 
given 
are based 
on the following 
assump- 


tions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 


has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


• 
All word-data 
is located 
on even-address 
bound- 


aries (80C186XL 
only). 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 


address. 


All instructions 
which 
involve 
memory 
accesses 
can 


require one or two additional 
clocks 
above the mini- 


mum timings 
shown due to the asynchronous 
hand- 


shake between 
the bus interface 
unit (BIU) and exe- 


cution 
unit. 


With a 16-bit BIU, the 80C186XL 
has sufficient 
bus 


performance 
to ensure that an adequate 
number 
of 


prefetched 
bytes will reside 
in the queue 
(6 bytes) 


most of the time. Therefore, 
actual 
program 
execu- 


tion time will not be substantially 
greater 
than that 


derived 
from adding the instruction 
timings 
shown. 


The 80C188XL 
8-bit BIU is limited in its performance 


relative 
to the execution 
unit. A sufficient 
number 
of 


prefetched 
bytes 
may 
not 
reside 
in the 
prefetch 


queue (4 bytes) much of the time. Therefore, 
actual 


program 
execution 
time will be substantially 
greater 


than that derived 
from adding the instruction 
timings 


shown. 


8OC186XL 8OC181XL 


Function 
Format 
Clock 
Clock 
Commen" 


Cycles 
Cycles 


DATA TRANSFER 
MOV ~ Move: 


Register to Register/Memory 
1000100w 
mod reg rIm 
2/12 
2/12' 


Register/memory 
to register 
1000101w 
mod reg rIm 
2/9 
2/9' 


Immediate to register/memory 
1100011 
w 
mod 000 rIm 
data 
I 
dataifw~l 
I 
12/13 
12/13 
B/16-bit 


Immediate to register 
1011 
w reg 
data 
dataifw=1 
I 
3/4 
3/4 
B/l6-bit 


Memory to accumulator 
1010000w 
addr-low 
addr-high 
I 
B 
B' 


Accumulator 
to memory 
1010001w 
addr-Iow 
addr-high 
I 
9 
9' 


Register/memory 
to segment register 
10001110 
mod 0 reg rim 
2/9 
2/13 


Segment register to register/memory 
10001100 
mod 0 reg rIm 
2/11 
2/15 


PUSH ~ Push: 


Memory 
I 
11111111 
I mod 11 0 rim I 
16 
20 


Register 
I 
01010reg 
I 
10 
14 


Segment register 
I 
000regl10 
I 
9 
13 


Immediate 
011010s0 
I 
data 
I 
datah-O 
I 
10 
14 


... 
... 


PUSHA - 
Push AD 
01100000 
I 
II 
3B 
66 


POP = Pop: 


Memory 
10001111 
I 
modOOO rim I 
20 
24 


Register 
01011 
reg I 
10 
14 


Segment register 
000regl11 
I 
(reg"'Ol) 
B 
12 


POPA - 
POl' All 
01100001 
I 
51 
B3 


XCHG ~ Exchlnge: 


Register/memory 
with register 
I 
1000011w 
I 
mod reg rIm 
I 
4/17 
4/17' 


Register with accumulator 
I 
10010reg 
I 
3 
3 


IN ~ Inputfrom: 


Fixed port 
I 
1110010w 
I 
port 
I 
10 
10' 


Vlrilbleport 
I 
1110110w 
I 
B 
B' 


OUT ~ Oulpullo: 


Fixed port 
1110011 
w I 
port 
I 
9 
9' 


Vlrilble 
port 
1110111 
w I 
7 
7' 


XLAT ~ Trlnslate byte to AL 
11010111 
I 
11 
15 


LEA ~ Load EA to register 
10001101 
mod reg rIm 
I 
6 
6 


LOS ~ Load pointer to OS 
11000101 
mod reg rim I 
(mod"'ll) 
lB 
26 


LES = Load pointer to ES 
11000100 
mod reg rim I 
(mod"'ll) 
lB 
26 


LAHF ~ Load AH with flags 
10011111 
2 
2 


SAHF ~ Store AH into flags 
10011110 
3 
3 


PUSHF - 
Push flags 
I 
10011100 
9 
13 


POPF = Pop flags 
I 
10011101 
B 
12 


NOTE: 
·Clo~k cycles shown for byte transfers. For word operations. add 4 clock cycles for all memory transfers. 


• 


8OC186XL 8OCI88XL 
Function 
Format 
Clock 
Clock 
Comments 


Cycles 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT ~ Segment Override: 


CS 
~~ 
2 
2 


SS 
I 
00110110 
I 
2 
2 


OS 
I 
00111110 
I 
2 
2 


ES 
I 
00100110 
I 
2 
2 


ARITHMETIC 
ADD ~ Add: 


Reg/memory 
with register to either 
I OOOOOOdw 
I 
modreg 
rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modOOO rim I 
data 
I dataifsw=Ot 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=u 
3/4 
3/4 
8/16-bit 


ADC ~ Add with carry: 


Reg! memory with register to either 
I 
000100dw 
I 
mod reg rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modOl0 
rim I 
data 
I data if s w~ 01 I 
4/16 
4/16' 


Immediate to accumulator 
I 0001010w 
I 
data 
I 
dataifw=u 
3/4 
3/4 
8/16-bit 


INe = Increment: 


Register/memory 
I 
1111111w 
I modOOO rim I 
3/15 
3/15' 


Register 
I 01000 
reg 
I 
3 
3 


SUB ~ Subtract: 


Reg/memory 
and register to either 
I 
001010dw 
I 
mad rag rim I 
3/10 
3/10' 


Immediate from register/memory 
I 
100000sw 
I mod 101 
rim I 
data 
I dataifsw=Ot 
I 
4/16 
4/16' 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=u 
3/4 
3/4 
8/16-bit 


SSB = Subtract with borrow: 


Reg/memory 
and register to either 
000110dw 
I 
mod reg rIm I 
3/10 
3/10' 


Immediate from register/memory 
100000sw 
I 
modO 11 rim I 
data 
I dataifsw=Ot 
I 
4/16 
4/16' 


Immediate from accumulator 
0001110w 
I 
data 
I 
data if w.= U 
3/4 
3/4' 
8/16-bit 


DEe = Decrement 


Register/memory 
l111111w 
I 
modOOl 
rim I 
3/15 
3/15' 


Register 
01001 
reg 
I 
3 
3 


CMP ~ Compare: 


Register/memory 
with register 
I 0011101 
w I 
modreg 
rIm 
I 
3/10 
3/10' 


Register with register/memory 
0011100w 
I 
mod reg rIm 
I 
3/10 
3/10' 


Immediate with register/memory 
100000sw 
I mod 111 
rim I 
data 
I dataifsw~OI 
I 
3/10 
3/10' 


Immediate with accumulator 
0011110w 
I 
data 
I 
dataifw=U 
3/4 
3/4 
8/16-bit 


MEG = Change sign register/memory 
1111011 
w 
modOl1 
rim I 
3/10 
3/10' 


AAA - 
ASCII adjust for add 
00110111 
8 
8 


DAA = Decimal adjust for add 
00100111 
4 
4 


AAS ~ ASCII adjust for subtract 
I 
00111111 
7 
7 


DAS = Decimal adjust for subtract 
I 
00101111 
4 
4 


MUL ~ Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rim I 


Register-Byte 
26-28 
26-28 


Register-Word 
35-37 
35-37 


Memory-Byte 
32-34 
32-34 


Memory·Word 
41-43 
41-43' 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations. 
add 4 clock 
cycles 
for all memory 
transfers. 


8OC186XL 
8OCl88XL 


Function 
Format 
Clock 
Clock 
Comments 


Cycles 
Cycles 


ARITHMETIC (Continued) 
, 


IMUL = Integer multiply (signed): 
I 
1111011 
w I mod 1 01 rim I 


Register-Byte 
25-28 
25-28 
Register-Word 
34-37 
34-37 


Memory-Byte 
31-34 
32-34 


Memory-Word 
40-43 
40-43' 


I 
I 
I 
I 
I 


---~ 


'-PJg.;Jrteger 
tmmedlate multiply 
011010s1 
modreg 
rIm 
dsta 
dstads=O 
22-251 
22-251 


29-32 
29-32 


DIV = Divide (unsigned): 
I 
1111011 
w I mod 11 0 rim I 


Register-Byte 
29 
29 


Register-Word 
38 
38 
Memory-Byte 
35 
35 


Memory-Word 
44 
44' 


IDIV ~ Integer divide (signed): 
I 
1111011 
w I modl11 
rim I 


Register-Byte 
44-52 
44-52 
Register-Word 
53-61 
53-61 
Memory-Byte 
50-5& 
50-58 


Memory-Word 
59-67 
59-67' 


AAM = ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 
19 


AAD = ASCII adjust lor divide 
I 
11010101 
I 
00001010 
I 
15 
15 


CBW = Convert byte to word 
I 
10011000 
I 
2 
2 


CWO = Convert word to double word I 
10011001 
I 
4 
4 


LOGIC 
ShIlllRotale 
InstruCllono: 


RegisterlMemory 
by 1 
I 
1101000w 
I 
modTTTr/m 
I 
2/15 
2/15 


RegisterlMemory 
by CL 
I 
1101001 
w I 
modTTTr/m 
I 
5+n/17+n 
5+n/17+n 


~/MemoIy 
by Count 
I 
I 
I 
] 
- 
1100000w 
modTTTr/m 
count 
5+n/17+n 
5+nl17+n 


TTT Instrucllon 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 
AND = And: 


Reg/memory 
and register to either 
I 
001000dw 
I 
mod reg rim 
I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I modl00 
rim I 
data 
I 
dataifw=l 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
dataifw=l 
] 
3/4 
3/4' 
8/16-bit 


TEST ~ And lunctlon 
to lIaga, no result: 


Register/memory 
and register 
I 
1000010w 
I 
mod reg rIm I 
3/10 
3/10' 


Immediate data and register/memory 
I 
1111011 
w I 
modOOO rim I 
data 
I 
data 
if w= 1 
I 
4/10 
4/10' 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=l 
] 
3/4 
3/4 
8/16-bit 


OR~Or: 


Reg/memory 
and register to either 
I 000010dw 
I 
mod reg rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I modOOl 
rim I 
data 
I 
dataifw=l 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0000110w 
I 
data 
I 
dataifw=l 
1 
3/4 
3/4' 
8/16-bit 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
For word operations. 
add 4 clock 
cycles 
for all memory 
transfers. 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory 
and register to either 


data 


data if w =1-.J 


NOT = Invert register/memory 


STRING MANIPULATION 


MOVS = Move byte/word 


INS - 
Input byte/wd from DXport 


OUTS •• OUlpul byte/wd to DX P'9'! 


Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS=Movestring 
~010 
1010010w 


CMPS = Compare string 
1111001 
z 
1010011 
w 


SCAS = Scan string 
1111001 
z 
1010111 
w 


LODS = Load string 
11110010 
1010110w 


STOS = Store string 
11110010 
1010101 
w 


- lnpulelrihg 
11110010 
0110110w 


= 0J!lPill W'1ll 
11110010 
0110111w 


CONTROL TRANSFER 


CALL = Call: 


Direct within segment 
11101000 
disp-Iow 
disp-high -.J 


Register/memory 
11111111 
mod010 
rIm 
indirect within segment 


Direct intersegrnent 
10011010 
segment 
offset 
-.J 
segment 
selector 
:::J 


Indirect 
intersegment 
1111111 
{ 
mod011 
rim 
(mod'" 
11) 


JMP = Unconditional 
Jump: 


Short/long 
11101011 
disp·low 


Direct within segment 
11101001 
disp·low 
disp-high :::J 


Register/memory 
11111111 
mod 1 00 rim 


indirect within segment 


Direct intersegment 
11101010 
segment 
offset 
:::J 


segment 
selector 
:::J 


Indirect 
intersegment 
11111111 
mod 1 0 1 rim I 
(mod'" 
11) 


8OC186XL 
8OCI88XL 


Clock 
Clock 
Comments 


Cycles 
Cycles 


3/10 
3/10' 


4/16 
4/16' 


3/4 
3/4 
B/16-bit 


3/10 
3/10' 


14 
14' 


22 
22' 


15 
15' 


12 
12' 


10 
10' 


14 
14 


14 
14 


8+Bn 
8+80· 


5+22n 
5+220- 


5+15n 
5+150- 


6+11n 
6+110- 


6+9n 
6+90- 


8+8n 
8+8n' 


8+8n 
8+8n' 


15 
19 


13/19 
17127 


23 
31 


3B 
54 


14 
14 


14 
14 


11/17 
11/21 


14 
14 


26 
34 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 
microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


intel~ 
8OC186XL/80C188XL 


INSTRUCTION 
SET SUMMARY 
(Continued) 


IOCI86XL 
IOCI81XL 
Function 
Formst 
Clock 
Clock 
Comments 
Cycles 
Cycles 


CONTROL TRANSFER (Continued) 
RET ~ Relurn from CALL: 


Within segment 
11000011 
16 
20 


Within sag adding immed to SP 
11000010 
data-low 
data-hig~ 
18 
22 


Intersegment 
11001011 
22 
30 


Intersegment adding immediate to SP 
11001010 
data-low 
data-hig~ 
25 
33 


JEI JZ ~ Jump on aqual/zero 
01110100 
disp 
4/13 
4/13 
JMPnot 


taken/JMP 
JLlJNGE 
- 
Jump on less/not greater or aqual 
01111100 
disp 
4/13 
4/13 
taken 


JLE/JNG 
= Jump on less or equal/not greater 
01111110 
disp 
4/13 
4/13 


JB/JNAE 
= Jump on below/notabova 
or aqual 
01110010 
disp 
4/13 
4/13 • 


JBE/JNA 
~ Jump on below or aqual/not above 
01110110 
disp 
4/13 
4/13 


JP/JPE 
~ Jump on parity/parity even 
01111010 
disp 
4/13 
4/13 


JO ~ Jump on overflow 
01110000 
disp 
4/13 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 
4/13 


JNE/JNZ 
= Jump on not aqual/not zero 
01110101 
disp 
4/13 
4/13 


JNLlJGE 
~ Jump on notless/greater 
or aqual 
01111101 
disp 
4/13 
4/13 


JNLE/JG 
= Jump on notless or aqual/greater 
01111111 
disp 
4/13 
4/13 


JNB/JAE 
= Jump on not belowlabove 
or aqual 
01110011 
disp 
4/13 
4/13 


JNBEI JA ~ Jump on not below or aqual/ above 
01110111 
disp 
4/13 
4/13 


JNP/JPO 
~ Jump on not parlpar odd 
01111011 
disp 
4/13 
4/13 


JNO ~ Jump on not overflow 
01110001 
disp 
4/13 
4/13 


JNS ~ Jump on not sign 
01111001 
disp 
4/13 
4/13 


JCXZ = Jump on ex zero 
11100011 
disp 
5/15 
5/15 


LOOP = Loop ex timell 
11100010 
disp 
6/16 
6/16 
LOOP not 


LOOPZlLooPE 
= Loop while zero/aqual 
disp 
taken/Loop 
11100001 
6/16 
6/16 
taken 


LooPNZlLooPNE 
= Loop while not zero/aqual 
11100000 
disp 
6/16 
6/16 


- 
Enl8I' 
Procedure 


15 
19 
25 
29 
22+1e(n-1) 
26+2O(n-l) 
8 
8 


INT ~ Interrupt: 


Type specified 
11001101 
type 
47 
47 


Type 3 
11001100 
45 
45 
n INT. takenl 


INTO = Interrupt on overl1ow 
11001110 
48/4 
nINT_ not 
48/4 
taken 


IRET = Interrupt return 
11001111 
28 
28 


= Detect VllIUe out 01 
ll3-35 
33-36 


Shaded 
areas 
indicate 
instructions 
not 
available 
in 8086/8088 
microsystems 


NOTE: 


·Clock 
cycles 
shown 
for 
byte 
transfers. 
For 
word 
operations, 
add 4 clock 
cy<:les 
for 
all 
memory 
transfers. 


8OC186XL 
8OC111XL 
Function 
Format 
Clock 
Clock 
Commenta 


Cycl •• 
ev- 


PROCESSOR CONTROL 


CLC ~ Clear carry 
11111000 
2 
2 


CMC = Complement 
carry 
11110101 
2 
2 


STC = Set carry 
11111001 
2 
2 


CLD = Ctear direction 
11111100 
2 
2 


STD = Set direction 
11111101 
2 
2 


ell = Clear interrupt 
11111010 
2 
2 


STI = Set interrupt 
11111011 
2 
2 


HLT ~ Halt 
11110'00 
2 
2 


WAIT = Wait 
, 
100'1011 
6 
6 
if TEST 
= 0 


LOCK ~ Bus lock prefix 
11110000 
2 
2 


NOP ~ No Operation 
10010000 
3 
3 


(TTT LLL are opeo 
e to processor extension) 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod 
11 then rim is treated 
as a REG field 
if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod 
= 00 and rim 
= 110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment Override Prefix 


100 
reg 
01 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
OS 


REG is assigned 
according 
to the following 
table: 


16·Blt (w = 1) 
8·Blt (w = 0) 
000 AX 
OOOAl 
001 CX 
001 Cl 
010 OX 
0100l 
011 BX 
011 Bl 


100 SP 
100 AH 
101 BP 
101 CH 
110 SI 
1100H 
111 01 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


This data sheet replaces the following data sheets: 
• 272031-002 
80C186XL 


• 270975-002 
80C188XL 
• 272309-001 
SB80C186XL 


• 272310-001 
SB80C188XL 


An A or B step 80C186XL/80C188XL has the follow- 
ing errata. The A or B step 80C186XL/80C188XL 
can be identified by the presence of an "A" or "B" 
alpha character, respectively, next to the FPO num- 
ber. The FPO number location is shown in Figure 4. 


can cause no aCknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will n:>toccur consistently, it is dependent on in- 
terrupt timing. 


The C slep 80C186XLl80C188XL has no known er- 
rata. ThEIC step can be identified by the presence of 
a "C" alpha character next to the FPO number. The 
FPO number location is shown in Figure 4. 


Intel 80C186XL devices are marked with a 9-charac- 
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272431-001) is 
valid for devices with an "A", 
"B" 
or "C" as the 


ninth character in the FPO number, as illustrated in 
Figure 4 


intele 


80C186EA/80C188EA 
AND 80L 186EA/80L 188EA 
16-BIT HIGH-INTEGRATION 
EMBEDDED PROCESSORS 


• 
80C186 Upgrade for Power Critical Applications 
• 
Fully Static Operation 
• 
True CMOS Inputs and Outputs 


• 
SpE!edVersions Available (3V): 
-13 
MHz (80L 186EA13/80L 188EA13) 
- 
8 MHz (80L186EA8/80L 188EA8) 


• 
Direct Addressing 
Capability to 
1 Mbyte Memory and 64 Kbyte 110 


• 
Complete System Development 
Support 
- 
ASM86 Assembler, IC-86, PL/M-86 
and System Utilities 
- 
In-Clrcult-Emulator 


• 
Supports 80C187 Numeric Coprocessor 
Interface (80C186EA only) 


• 
Available In the Following Packages: 
- 
68-Pln Plastic Leaded Chip Carrier 
(PLCC) 
- 
80-Pin EIAJ Quad Flat Pack (QFP) 
- 
80-Pin Shrink Quad Flat Pack (SQFP) 


• 
Available In Extended Temperature 
Range (- 40·C to +85·C) 


The 80C186EA is a CHMOS high integration embedded microprocessor. The 80C186EA includes all of the 
features of an "Enhanced Mode" 80C186 while adding the additional capabilities of Idle and Powerdown 
Modes. In Numerics Mode, the 80C186EA interfaces directly with an 80C187 Numerics Coprocessor. 


• 
Integrated 
Feature Set 
- 
Static 186 CPU Core 
- 
Power Save, Idle and Powerdown 
Modes 
- 
Clock Generator 
- 
2 Independent 
DMA Channels 
- 
3 Programmable 
16-Blt Timers 
- 
Dynamic RAM Refresh Control Unit 
- 
Programmable 
Memory and 
Peripheral Chip Select Logic 
- 
Programmable 
Wait State Generator 
- 
Local Bus Controller 
- 
System-Level Testing Support 
(High Impedance Test Mode) 
• 
Speed Versions Available (5V): 
- 
20 MHz (80C186EA20/80C188EA20) 
-12 
MHz (80C186EA13/80C188EA13) 


80C186EA/80C188EA 
AND 80l.186EA/80L 
188EA 


16-Bit High Integration 
EmbE!dded Processor 
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Unless specifically 
noted, all references to the 
80C186EA apply to the 80C188EA, 80L186EA, and 
80L188EA. References to pins that differ between 
the 
80C186EAl80L 186EA 
and 
the 
80C188EAI 
80L188EA are given in parentheses. The "L" in the 
part number denotes low voltage operation. Physi- 
cally and functionally, the "C" and "L" devices are 
identical. 


The 80C186EA is the second product in a new gen- 
eration of low-power, high-integration microproces- 
sors. It enhances the existing 80C186XL family by 
offering new features and operating modes. The 
80C186EA 
is object 
code 
compatible 
with 
the 
80C186XL embedded processor. 


The 80L186EA is the 3V version of the 80C186EA. 
The 
80L186EA 
is 
functionally 
identical 
to 
the 
80C186EA 
embedded 
processor. 
Current 
80C186EA customers can easily upgrade their de- 
signs to use the 80L186EA and benefit from the re- 
duced power consumption inherent in 3V operation. 


The feature set of the 80C186EAl80L186EA meets 
the needs of low-power, space-critical applications. 
Low-power applications benefit from the static de- 
sign of the CPU core and the integrated peripherals 
as well as low voltage operation. Minimum current 
consumption is achieved by providing a Powerdown 
Mode that halts operation of the device, and freezes 
the clock circuits. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 


Space-critical applications benefit from the inte- 
gration of commonly used system peripherals. Two 
flexible DMA channels' perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources for up to 128 external interrupts 
and will prioritize these interrupts with those generat- 
ed from the on-chip peripherals. Three general pur- 
pose timer/counters round out the feature set of the 
80C186EA. 


Figure 1 shows a block diagram of the 80C186EAI 
80C188EA. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in- 
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instructions, and static opera- 
tion. The Bus Interface Unit (BIU) is the same as that 
found on the original 80C186 family products. An 
independent internal bus is used to allow communi- 
cation between the BIU and internal peripherals. 


. The 80C186EA core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus controller is responsible for generating 20 
bits of Elddress, read and write strobes, bus cycle 
status information and data (for write operations) in- 
formation. It is also responsible for reading data off 
the local bus during a read operation. SRDY and 
ARDY input pins are provided to extend a bus cycle 
beyond the minimum four states (clocks). 


The local bus controller also generates two control 
signals (DEN and DT/R) when interfacing to exter- 
nal tram;ceiver chips. This capability allows the addi- 
tion of transceivers for simple buffering of the mulit- 
plexed address/data bus. 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two 
counter, 
and 
two 
low-power 
operating 
modes. 


The oscillator circuit is designed to be used with ei- 
ther a parallel 
resonant 
fundamental or third-over- 
tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 0scillator circuit. 


The cryHtalor clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC timings are referenced to 
CLKOUT. 


The following parameters are recommended when 
choosing a crystal: 


Temperature Range: 
Application Specific 
ESR (Equivalent Series Resistance): 
600. max 
CO(Shunt Capacitance of Crystal): 
7.0 pF max 
CL (Load Capacitance): 
20 pF ± 2 pF 
Drive Level: 
2 mW max 
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NOTE: 
The L1C1 network 
is only required 
when 
using a third-overtone 
crystal. 


80C186EA 
PERIPHERAL 
ARCHITECTURE 


The 80C186EA has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control 
unit supports interrupt requests 


from the timer/counters or DMA channels). 


The list of integrated peripherals include: 


• 4-lnput Interrupt Control Unit 
• 3-Channel Timer/Counter Unit 
• 2-Channel DMA Unit 
• 13-0utput Chip-Select Unit 
• Refresh Control Unit 
• Power Management logic 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 byte address boundary. 


Figure 3 provides a list of the registers associated 
with the PCB when the processor's Interrupt Control 
Unit is in Master Mode. In Slave Mode, the defini· 
tions of some registers change. Figure 4 provides 
register definitions specific to Slave Mode. 


The 80C186EA can receive interrupts from anum· 
ber of sources, both internal and external. The Inter- 
rupt Control Unit (ICU) serves to merge these reo 
quests on a priority basis, for individual service by 
the CPU. Each interrupt source can be independent- 
ly masked by the Interrupt Control Unit or all inter- 
rupts can be globally masked by the CPU. 


Internal interrupt sources include the Timers and 
DMA channels. External interrupt sources come 
from the four input pins INT3:0. The NMI interrupt 
pin is not controlled by the ICU and is passed direct- 
ly to the CPU. Although the timers only have one 
request input to the ICU, separate vector types are 
generated to service individual interrupts within the 
Timer Unit. 


The 80C186EA Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events. generate non-repeti- 
tive waveforms, generate timed interrupts, etc. 


PCB 
Function 
Off.et 


OOH 
Reserved 


02H 
Reserved 


04H 
Reserved 


06H 
Reserved 


08H 
Reserved 


OAH 
Reserved 


OCH 
Reserved 


OEH 
Reserved 


10H 
Reserved 


12H 
Reserved 


14H 
Reserved 


16H 
Reserved 


18H 
Reserved 


1AH 
Reserved 


1CH 
Reserved 


1EH 
Reserved 


20H 
Reserved 


22H 
End of Interrupt 


24H 
Poll 


26H 
Poll Status 


28H 
Interrupt Mask 


2AH 
Priority Mask 


2CH 
In-Service 


2EH 
Interrupt Request 


30H 
Interrupt Status 


32H 
Timer Control 


34H 
DMAO Int. Control 


36H 
DMA 1 Int. Control 


38H 
INTO Control 


3AH 
INT1 Control 


3CH 
INT2 Control 


3EH 
INT3 Control 


PCB 
Function 
Offset 


40H 
Reserved 


42H 
Reserved 


44H 
Reserved 


Reserved 
~ 


46H 


48H 
Reserved 


4AH 
Reserved 


4CH 
Reserved 


4EH 
Reserved 


50H 
Timer 0 Count 


52H 
Timer 0 Compare A 


54H 
Timer 0 Compare B 


56H 
Timer 0 Control 


58H 
Timer 1 Count 


5AH 
Timer 1 Compare A 


5CH 
Timer 1 Compare B 


5EH 
Timer 1 Control 


60H 
Timer 2 Count 


62H 
Timer 2 Compare 


64H 
Reserved 


66H 
Timer 2 Control 


68H 
Reserved 


6AH 
Reserved 


6CH 
Reserved 


6EH 
Reserved 


70H 
Reserved 


72H 
Reserved 


74H 
Reserved 


76H 
Reserved 


78H 
Reserved 


7AH 
Reserved 


7CH 
Reserved 


7EH 
Reserved 


PCB 
Function 
Offset 


80H 
Reserved 


82H 
Reserved 


84H 
Reserved 


86H 
Reserved 


88H 
Reserved 


8AH 
Reserved 


8CH 
Reserved 


8EH 
Reserved 


90H 
Reserved 


92H 
Reserved 


94H 
Reserved 


96H 
Reserved 


98H 
Reserved 


9AH 
Reserved 


9CH 
Reserved 


9EH 
Reserved 


AOH 
UMCS 


A2H 
LMCS 


A4H 
PACS 


A6H 
MMCS 


A8H 
MPCS 


AAH 
Reserved 


ACH 
Reserved 


AEH 
Reserved 


BOH 
Reserved 


B2H 
Reserved 


B4H 
Reserved 


B6H 
Reserved 


B8H 
Reserved 


BAH 
Reserved 


BCH 
Reserved 


BEH 
Reserved 


PCB 
Function 
Offset 


COH 
DMAOSrc. Lo 


C2H 
DMAOSrc. Hi 


C4H 
DMAODest. Lo 


C6H 
DMAODest. Hi 


C8H 
DMAOCount 


CAH 
DMAO Control 


CCH 
Reserved 


CEH 
Reserved 


DOH 
DMA1 Src. Lo 


D2H 
DMA1 Src. Hi 


D4H 
DMA1 Dest. Lo 


D6H 
DMA1 Dest. Hi 


D8H 
DMA1 Count 


DAH 
DMA 1 Control 


DCH 
Reserved 


DEH 
Reserved 


EOH 
Refresh Base 


E2H 
Refresh Time 


E4H 
Refresh Control 


E6H 
Reserved 


E8H 
Reserved 


EAH 
Reserved 


ECH 
Reserved 


EEH 
Reserved 


FOH 
Power-Save 


F2H 
Power Control 


F4H 
Reserved 


F6H 
Step 10 


F8H 
Reserved 


FAH 
Reserved 


FCH 
Reserved 


FEH 
Relocation 
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PCB 
Function 
Offset 


20H 
Interrupt Vector 


22H 
Specific EOI 


24H 
Reserved 


26H 
Reserved 


28H 
Interrupt Mask 


2AH 
Priority Mask 


2C 
In-Service 


2E 
Interrupt Request 


30 
' Interrupt Status 


32 
TMRO Interrupt Control 


34 
DMAO Interrupt Control 


36 
DMA 1 Interrupt Control 


38 
TMR1 Interrupt Control 


3A 
TMR2 Interrupt Control 


3C 
Reserved 


3E 
Reserved 


Figure 4. 80C186EA 
Slave Mode Peripheral 
Control 
Block Registers 


The 80C186EA 
DMA Contol 
Unit provides 
two inde- 
pendent 
high-speed 
DMA channels. 
Data transfers 
can occur 
between 
memory 
and 
I/O 
space 
in any 
combination: 
memory 
to memory, 
memory 
to I/O, 


I/O 
to I/O 
or I/O 
to memory. 
Data 
can be trans- 
ferred 
either 
in bytes or words. 
Transfers 
may pro- 
ceed 
to or from 
either 
even 
or odd addresses, 
but 
even-aligned 
word transfers 
proceed 
at a faster rate. 
Each data transfer 
consumes 
two bus cycles (a mini- 
mum of eight 
clocks), 
one cycle 
to fetch 
data and 
the other to store data. The chip-select/ready 
logic 
may be programmed 
to point to the memory 
or I/O 
space 
subject 
to DMA transfers 
in order to provide 
hardware 
chip select lines. DMA cycles run at higher 
priority than general 
processor 
execution 
cycles. 


Chip-Select 
Unit 


The 
80C186EA 
Chip-Select 
Unit 
integrates 
logic 
which 
provides 
up to 13 programmable 
chip-selects 
to access 
both memories 
and peripherals. 
In addi- 
tion, each chip-select 
can be programmed 
to auto- 
matically 
terminate 
a bus cycle 
independent 
of the 
condition 
of the 
SRDY 
and ARDY 
input 
pins. The 
chip-select 
lines 
are available 
for all memory 
and 
I/O 
bus cycles, 
whether 
they are generated 
by the 
CPU, the DMA unit, or the Refresh 
Control 
Unit. 


I 


The Refresh 
Control 
Unit (RCU) automatically 
gen- 
erates 
a periodic 
memory 
read 
bus cycle 
to keep 
dynamic 
or pseudo-static 
memory 
refreshed. 
A 9-bit 
counter 
controls 
the number 
of clocks 
between 
re- 
fresh requests. 


A 9-bit address 
generator 
is maintained 
by the RCU 
with 
the 
address 
presented 
on 
the 
A9: 1 address 
lines 
during 
the 
refresh 
bus 
cycle. 
Address 
bits 
A 19:13 are programmable 
to allow 
the refresh 
ad- 
dress block to be located 
on any 8 Kbyte boundary. 


Power Management 


The 80C186EA 
has three operational 
modes to con- 
trol the power consumption 
of the device. 
They are 
Power 
Save 
Mode, 
Idle 
Mode, 
and 
Powerdown 
Mode. 


Power Save Mode divides the processor 
clock 
by a 
programmable 
value 
to take 
advantage 
of the fact 
that current 
is linearly 
proportional 
to frequency. 
An 
unmasked 
interrupt, 
NMI, 
or reset 
will 
cause 
the 
80C186EA 
to exit Power Save Mode. 


Idle Mode freezes 
the clocks 
of the Execution 
Unit 
and the Bus Interface 
Unit at a logic zero state while 
all peripherals 
operate 
normally. 


Powerdown 
Mode 
freezes 
all internal 
clocks 
at a 
logic zero level and disables the crystal oscillator. 
All 
internal 
registers 
hold their values 
provided 
Vcc 
is 
maintained. 
Current consumption 
is reduced 
to tran- 


sistor leakage 
only. 


The 80C187 Numerics Coprocessor may be used to 
extend the 80C186EA instruction set to include 
floating point and advanced integer instructions. 
Connecting the 80C186EA RESOUT and TESTI 
BUSY pins to the 80C187 enables Numerics Mode 
operation. In Numerics Mode, three of the four Mid- 
Range Chip Select (MCS) pins become handshaking 
pins for the interface. The exchange of data and 
control information proceeds through four dedicated 
1/0 ports. 


If an 80C187 is not present, the 80C186EA config- 
ures itself for regular operation at reset. 


NOTE: 


The 80C187 is not specified for 3V operation and 
therefore 
does 
not 
interface 
directly 
to 
the 


80L186EA. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EA has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the UCS and LCS 
pins LOW (0) during a processor reset (these pins 
are weakly held to a HIGH (1) level) while RESIN is 
active. 


DIFFERENCES 
BETWEEN 
THE 
80C186XL 
AND THE 80C186EA 


The 80C186EA is intended as a direct functional up- 
grade for 80C186XL designs. In many cases, it will 
be possible to replace an existing 80C186XL with 
little or no hardware redesign. The following sections 
describe differences in pinout, operating modes; and 
AC and DC specifications to keep in mind. 


Pinout Compatibility 


The 80C186EA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the 80C186XL in the PLCC 
package did not have any spare leads to use for 
PDTMR, so the DTiF! pin was sacrificed. The ar- 
rangement of all the other leads in the 68-lead PLCC 
is 
identical 
between 
the 
80C186XL 
and 
the 


80C186EA. DTIA may be synthesized by latching 
the S1 status output. Therefore, upgrading a PLCC 
80C186XL to PLCC 80C186EA is straightforward. 


The 80-I<eadQFP (EIAJ) pinouts are different be- 
tween thl~80C186XL and the 80C186EA. In addition 
to the PDTMR pin, the 80C186EA has more power 
and ground pins and the overall arrangement of pins 
was shifted. A new circuit board layout for the 
80C186EA is required. 


Operating 
Modes 


The 80C186XL has two operating modes, Compati- 
ble and Enhanced. Compatible Mode is a pin-to-pin 
replacement for the NMOS 80186, except for nu- 
merics c<:lprocessing.In Enhanced Mode, the proc- 
essor has a Refresh Control Unit, the Power-Save 
feature and an interface to the 80C187 Numerics 
Coproce:,sor. The MCSO, MCS1, and MCS3 pins 
change their functions to constitute handshaking • 
pins for the 80C187. 


The 80C186EA allows all non-80C187 users to use 
all the NICS pins for chip-selects. In regular opera- 
tion, all BOC186EAfeatures (including those of the 
Enhanced Mode 80C186) are present except for the 
interface to the 80C187. Numerics Mode disables 
the three!chip-select pins and reconfigures them for 
connection to the 80C187. 


TTL vs; CMOS Inputs 


The inputs of the 80C186EA are rated for CMOS 
switchin~llevels for improved noise immunity, but the 
80C1B6XL inputs are rated for TIL switching levels. 
In particular, the 80C186EA requires a minimum VIH 
of 3.5V tlJ recognize a logic one while the BOC186XL 


. requires a minimum VIHof only 1.9V (assuming 5.0V 


operation). The solution is to drive the 80C186EA 
with true CMOS devices, such as those from the HC 
and AC logic families, or to use pullup resistors 
where the added current draw is not a problem. 


Timin~1Specifications 


BOC186EAtiming relationships are expressed in a 
simplified 'format over the 80C186XL. The AC per- 
formancl~ of an BOC186EAat a specified frequency 
will be very close to that of an BOC186XLat the 
same fmquency. Check the timings applicable to 
your design prior to replacing the BOC186XL. 


f','iI~~trui~" 
d~§'cMesfI'le pfn-s-,pinouts, and thermal 


characteristics for the 80C186EA in the Plastic 
Leaded Chip Carrier (PLCC) package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack- 
age. For complete package specifications and infor- 
mation, see the Intel Packaging Outlines and Dimen- 
sions Guide (Order Number: 231369). 


With the extended temperature range operational 
characteristics are guaranteed over a temperature 
range corresponding to - 40°C to + 85°C ambient. 
Package types are identified by a two-letter prefix to 
the part number. The prefixes are listed in Table 1. 


Prefix 
Package 
Temperature 
Type 
Range 


TN 
PLCC 
Extended 


TS 
QFP (EIAJ) 
Extended 


S8 
SQFP 
Extended 


Pin Descriptions 


Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 


The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 


The Pin Type column contains two kinds of informa- 
tion. The first symbol indicates whether a pin is pow- 
er (P), ground (G), input only (I), output only (0) or 
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indicate additional characteristics for each pin. Table 
3 lists all the possible symbols for this column. 


The Input Type column indicates the type of input 
(asynchronous or synchronous). 


Asynchronous pins require that setup and hold times 
be met only in order to guarantee recognition 
at a 


particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. 
For example, missing the setup or hold 


time for the SRDY pin (a synchronous input) will re- 
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character- 
istics for input pins are S(E), S(L), A(E) and A(L). 


The Output States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi- 
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap- 
propriate characteristics for these states are also in- 
dicated in this column, with the legend for all possi- 
ble characteristics in Table 2. 


The Pin Description column contains a text de- 
scription of each pin. 


As an example, consider AD15:0. I/O signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped- 
ance upon acknowledgement of bus hold. R(Z) sig- 
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 


- 
Symbol 
Description 


P 
Power Pin (Apply + Vcc Voltage) 
G 
Ground (Connect 
to Vss) 
I 
Input Only Pin 
0 
Output Only Pin 
I/O 
Input/Output 
Pin 


S(E) 
Synchronous, 
Edge Sensitive 
S(L) 
Synchronous, 
Level Sensitive 
A(E) 
Asynchronous, 
Edge Sensitive 
A(L) 
Asynchronous, 
Level SElnsitive 


H(1) 
Output Driven to Vcc during Bus Hold 
H(O) 
Output Driven to Vss during Bus Hold 
H(Z) 
Output Floats during Bus Hold 
H(O) 
Output Remains Active during Bus Hold 
H(X) 
Output Retains Current State during Bus Hold 


R(WH) 
Output Weakly 
Held at Vcc during Reset 
R(1) 
Output Driven to Vcc during Reset 
R(O) 
Output Driven to Vss during Reset 
R(Z) 
Output Floats during Reset 
R(O) 
Output Remains Active 
during Reset 
R(X) 
Output Retains Current 
State during Reset 


1(1) 
Output Driven to Vcc dLlring Idle Mode 
1(0) 
Output Driven to Vss during Idle Mode 
I(Z) 
Output Floats during IdlH Mode 
1(0) 
Output Remains Active during Idle Mode 
I(X) 
Output Retains Current 
State during Idle Mode 


P(1) 
Output Driven to Vcc dL ring Powerdown 
Mode 
P(O) 
Output Driven to Vss during Powerdown 
Mode 
P(Z) 
Output Floats during Powerdown 
Mode 
P(O) 
Output Remains Active during Powerdown 
Mode 
P(X) 
Output Retains Current 
State during Powerdown 
Mode 


• 
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Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


Vcc 
P 
POWER connections 
consist of six pins which must be shorted 
externally 
to a Vcc board plane. 


Vss 
G 
GROUND 
connections 
consist of five pins which must be shorted 


externally 
to a Vss board plane. 


CLKIN 
I 
A(E) 
CLocK INput is an input for an external 
clock. An external 
oscillator 
operating 
at two times the required processor 
operating 


frequency 
can be connected 
to CLKIN. For crystal operation, 


CLKIN (along with OSCOUT) 
are the crystal connections 
to an 


internal 
Pierce oscillator. 


OSCOUT 
0 
H(Q) 
OSCillator 
OUTput 
is only used when using a crystal to generate 


R(Q) 
the external clock. OSCOUT 
(along with CLKIN) are the crystal 


P(Q) 
connections 
to an internal 
Pierce oscillator. 
This pin is not to be 


used as 2X clock output for non-crystal 
applications 
(Le., this pin is 


N.C. for non-crystal 
applications). 
OSCOUT does not float in 
ONCE mode. 


CLKOUT 
0 
H(Q) 
CLocK OUTput 
provides 
a timing reference 
for inputs and outputs 


R(Q) 
of the processor, 
and is one-half 
the input clock (CLKIN) 


P(Q) 
frequency. 
CLKOUT 
has a 50% duty cycle and transistions 
every 


falling edge of CLKIN. 


RESIN 
I 
A(L) 
RESet IN causes the processor 
to immediately 
terminate 
any bus 


cycle in progress 
and assume an initialized 
state. All pins will be 


driven to a known state, and RESOUT will also be driven active. 
The rising edge (Iow-to-high) 
transition 
synchronizes 
CLKOUT 
with 


CLKIN before the processor 
begins fetching 
opcodes 
at memory 


location 
OFFFFOH. 


RESOUT 
0 
H(O) 
RESet OUTput that indicates 
the processor 
is currently 
in the 


R(1) 
reset state. RESOUT will remain active as long as RESIN remains 


P(O) 
active. When tied to tho TEST/BUSY 
pin, RESOUT forces the 


80C186EA 
into Numerics 
Mode. 


PDTMR 
I/O 
A(L) 
H(WH) 
Power-Down 
TIMeR pin (normally 
connected 
to an external 


R(Z) 
capacitor) 
that determines 
the amount of time the processor 
waits 


P(1) 
after an exit from power down before resuming 
normal operation. 


The duration 
of time required will depend on the startup 


characteristics 
of the crystal oscillator. 


NMI 
I 
A(E) 
Non-Maskable 
Interrupt 
input causes a Type 2 interrupt 
to be 


serviced 
by the CPU. NMI is latched internally. 


TEST/BUSY 
I 
A(E) 
TEST/BUSY 
is sampled 
upon reset to determine 
whether 
the 
(TEST) 
80C186EA 
is to enter Numerics 
Mode. In regular operation, 
the pin 


is TEST. TEST is used during the execution 
of the WAIT 
instruction 
to suspend 
CPU operation 
until the pin is sampled 


active (low). In Numerics 
Mode, the pin is BUSY. BUSY notifies the 


80C186EA 
of 80C187 
Numerics 
Coprocessor 
activity. 


AD15:0 
I/O 
S(L) 
H(Z) 
These pins provide a multiplexed 
Address 
and Data bus. During 
(AD7:0) 
R(Z) 
the address 
phase of the bus cycle, address bits 0 through 
15 (0 


P(X) 
through 
7 on the 8-bit bus versions) 
are presented 
on the bus and 


can be latched 
using ALE. 8- or 16-bit data information 
is 


transferred 
during the data phase of the bus cycle. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EA and 80l188EA. 


Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


A18:16 
0 
H(Z) 
These pins provide rrultiplexed 
Address 
during the address 
A19/56-A16 
R(Z) 
phase of the bus cycle. Address 
bits 16 through 
19 are 


(A19-A8) 
P(X) 
presented 
on these pins and can be latched using ALE. 


A 18: 16 are driven to a logic 0 during the data phase of the bus 
cycle. On the 8-bit bus versions, 
A 15-A8 
provide valid address 
information 
for the entire bus cycle. Also during the data 
phase, 56 is driven to a logic 0 to indicate 
a CPU-initiated 
bus 
cycle or. logic 1 to indicate 
a DMA-initiated 
bus cycle or a 
refresh cycle. 


S2:0 
0 
H(Z) 
Bus cycle Status are encoded 
on these pins to provide bus 
R(Z) 
transaction 
information. 
S2:0 are encoded 
as follows: 


P(1) 
S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Processor 
HALT 
1 
0 
0 
Clueue Instruction 
Fetch 
1 
0 
1 
Read Memory 
1 
1 
0 
Write Memory 
1 
1 
1 
Passive (no bus activity) 


ALE/QSO 
0 
H(O) 
Address 
Latch Enable output is used to strobe address 
R(O) 
information 
into a tra'1sparent 
type latch during the address 


P(O) 
phase of the bus cycle. In Queue Status Mode, QSO provides 
queue status information 
along with QS1. 


BHE 
0 
H(Z) 
Byte High Enable output to indicate that the bus cycle in 
(RFSH) 
R(Z) 
progress 
is transferri '1gdata over the upper half of the data 


P(X) 
bus. BHE and AO halle the following 
logical encoding: 


AO 
BHE 
Encoding 
(For 80C186EA/80L 
186EA Only) 


0 
0 
Word Transfer 
0 
1 
Even Byte Transfer 
1 
0 
Odd Byte Transfer 
1 
1 
Flefresh Operation 


On the 80C188EAl80L 
188EA, RFSH is asserted 
low to 
indicate a Refresh bus cycle. 


RD/Ci$MD 
0 
H(Z) 
ReaD output signals that the accessed 
memory or I/O device 
R(WH) 
must drive data inforllation 
onto the data bus. Upon reset, this 


P(1) 
pin has an alternate 
·'unction. As QSMD, it enables Queue 
Status Mode when wounded. 
In Queue Status Mode, the 
ALE/QSO 
and WR/OS1 
pins provide the following 
information 
about processor/ins'lruction 
queue interaction: 


QS1 
QSO 
Queue Operation 


0 
0 
No Queue Operation 
0 
1 
First Opcode 
Byte Fetched 
from the Queue 
1 
1 
Subsequent 
Byte Fetched 
from the Queue 
1 
0 
Empty the Queue 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EA and 80l188EA. 


• 


8q(1.1"§~ ~WG IlfViA 
ltS\a'\%i'" •. ,ft ••••• "'•••- 
• 
",VD\,loIIt'l.UII 
--- 


WA/QS1 
0 
H(Z) 
WRite output signals that data available 
on the data bus are to be 


A(Z) 
written into the accessed 
memory or 1/0 device. 
In Queue Status 


P(1) 
Mode, QS1 provides 
queue status information 
along with QSO. 


AADY 
I 
A(L) 
Asychronous 
ReaDY is an input to signal for the end of a bus cycle. 


S(L) 
AADY is asynchronous 
on rising CLKOUT 
and synchronous 
on falling 


CLKOUT. 
AADY or SADY must be active to terminate 
any processor 


bus cycle, unless they are ignored due to correct 
programming 
of the 


Chip Select Unit. 


SRDY 
I 
S(L) 
Synchronous ReaDY is an input to signal for the end of a bus cycle. 
ARDY or SRDY must be active to terminate 
any processor 
bus cycle, 


unless they are ignored due to correct 
programming 
of the Chip Select 


Unit. 


DEN 
0 
H(Z) 
Data ENable output to control the enable of bidirectional 
transceivers. 


R(Z) 
when buffering 
a system. 
DEN is active only when data is to be 
P(1) 
transferred 
on the bus. 


DT/R 
0 
H(Z) 
Data Transmit/Receive 
output controls 
the direction 
of a bi- 


R(Z) 
directional 
buffer in a buffered 
system. DT/F! is only available 
on the 


P(X) 
QFP (EIAJ) package 
and the SQFP package. 


LOCi< 
0 
H(Z) 
LOCK output indicates 
that the bus cycle in progress 
is not to be 


R(WH) 
interrupted. 
The POcessor 
will not service other bus requests 
(such 


P(1) 
as HOLD) while L 
CK is active. This pin is configured 
as a weakly 


held high input while RESIN is active and must not be driven low. 


HOLD 
I 
A(L) 
HOLD request input to signal that an external 
bus master wishes to 


gain control 
of the local bus. The processor 
will relinquish 
control 
of 


the local bus between 
instruction 
boundaries 
not conditioned 
by a 


LOCK prefix. 


HLDA 
0 
H(1) 
HoLD Acknowledge 
output to indicate that the processor 
has 


R(O) 
relinquished 
control 
of the local bus. When HLDA is asserted, 
the 


P(O) 
processor 
will (or has) floated 
its data bus and control 
signals allowing 


another 
bus master to drive the signals directly. 
ucg 
0 
H(1) 
Upper Chip Select will go active whenever 
the address of a memory 


R(1) 
or 1/0 bus cycle is within the address limitations 
programmed 
by the 


P(1) 
user. After reset, UCS is configured 
to be active for memory accesses 


between 
OFFCOOH and OFFFFFH. During a processor 
reset, UCS and 
LCS are used to enable ONCE Mode. 


LCS 
0 
H(1) 
Lower Chip Select will go active whenever 
the address of a memory 


R(1) 
bus cycle is within the address 
limitations 
programmed .EY..!.heus~ 


P(1) 
LCS is inactive after a reset. During a processor 
reset, UCS and LCS 


are used to enable ONCE Mode. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EA 
and 80L 188EA. 


intel~ 


Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


MCSO/PEREQ 
I/O 
A(l) 
H(1) 
These pins provide a multiplexed 
function. 
If enabled, 


MCS1/ERROR 
R(1) 
these pins normcilly comprise 
a block of Mid-Range 
Chip 


MCS2 
P(1) 
Select 
outputs which will go active whenever 
the address 


MCS3/NCS 
of a memory bus cycle is within the address 
limitations 
programmed 
by the user. In Numerics 
Mode (80C186EA 
only), three of tho pins become 
handshaking 
pins for the 
80C187. The Col)rocessor 
REQuest 
input signals that a 
data transfer 
is p'3nding. ERROR is an input which 
indicates 
that the previous 
numerics 
coprocessor 
operation 
resulted 
in an exception 
condition. 
An interrupt 


Type 16 is generated 
when ERROR is sampled 
active at 
the beginning 
of a numerics 
operation. 
Numerics 
Coprocessor 
SE>lect is an output signal generated 
when 
the processor 
ac,~esses the 80C187. 


PCS4:0 
0 
H(1) 
Peripheral 
Chip Selects 
go active whenever 
the address 
R(1) 
of a memory or 1/0 bus cycle is within the address 


P(1) 
limitations 
programmed 
by the user. 


PCS5/A1 
0 
H(1)/H(X) 
These pins provide a multiplexed 
function. 
As additional 


PCS6/A2 
R(1) 
Peripheral 
Chip Selects, 
they go active whenever 
the 


P(1) 
address of a memory or I/O bus cycle is within the 
address 
limitations 
by the user. They may also be 
programmed 
to provide latched Address 
A2:1 signals. 


TOOUT 
0 
H(Q) 
Timer 
OUTput 
pins can be programmed 
to provide a 
T10UT 
R(1) 
single clock or continuous 
waveform 
generation, 


P(Q) 
depending 
on the timer mode selected. 


TOIN 
I 
A(l) 
Timer 
INput 
is u~;ed either as clock or control 
signals, 


T11N 
A(E) 
depending 
on the timer mode selected. 


DRQO 
I 
A(l) 
DMA ReQuest 
is asserted 
by an external 
request when it 


DRQ1 
is prepared 
for a DMA transfer. 


INTO 
I 
A(E,l) 
Maskable 
INTerrupt 
input will cause a vector to a specific 
INT1/SElECT 
Type interrupt 
rOLltine. To allow interrupt 
expansion, 
INTO 
and/or 
INT1 can be used with INTAO and INTA1 to 
interface 
with an i3xternal slave controller. 
INT1 becomes 


SELECT when th'3 ICU is configured 
for Slave Mode. 


INT2/INTAO 
I/O 
A(E,l) 
H(1) 
These pins provic e multiplexed 
functions. 
As inputs, they 


INT3/1NTA1/IRQ 
R(Z) 
provide a maskatle 
INTerrupt 
that will cause the CPU to 


P(1) 
vector to a specific Type interrupt 
routine. As outputs, 


each is programmatically 
controlled 
to provide an 
INTerrupt 
Acknc1wledge 
handshake 
signal to allow 


interrupt 
expansion. 
INT3/INTA1 
becomes 
IRQ when the 


ICU is configured 
for Slave Mode. 


N.C. 
No Connect. 
For compatibility 
with future products, 
do not 


connect 
to these 
:lins. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EA 
and 80L 188EA. 


Tables 
4 and 5 list the 80C186EA 
pin names 
with 
package 
location 
for the 68-pin Plastic Leaded Chip 
Carrier 
(PLCC) 
component. 
Figure 
9 depicts 
the 
complete 
80C186EAl80L 
186EA pinout (PLCC pack- 
age) as viewed 
from the top side of the component 
(Le., contacts 
facing down). 


intel~ 


80C186EAl80C188EA 
(EIAJ 
QFP 
package) 
as 


viewed from the top side of the component 
(Le., con- 


tacts facing 
down). 


Tables 
8 and 
9 list the 
80C186EAl80C188EA 
pin 
names 
with package 
location 
for the 80-pin 
Shrink 
Quad Flat Pack (SQFP) component. 
Figure 7 depicts 
the 
complete 
80C186EAl80C188EA 
(SQFP) 
as 
viewed from the top side of the component 
(Le., con- 


tacts facing down). 
Tables 
6 and 7 list the 80C186EA 
pin names 
with 
package 
location 
for 
the 
80-pin 
Quad 
Flat 
Pack 
(EIAJ) 
component. 
Figure 
6 depicts 
the 
complete 


Table 4. PLCC Pin Names with Package 
Location 


Address/Data 
Bus 


Name 
Location 


ADO 
17 
AD1 
15 
AD2 
13 
AD3 
11 
AD4 
8 
AD5 
6 
AD6 
4 
AD7 
2 
AD8 (A8) 
16 
AD9 (A9) 
14 
AD10 (A10) 
12 
AD11 (A11) 
10 
AD12 (A12) 
7 
AD13 (A13) 
5 
AD14 (A14) 
3 
AD15 (A15) 
1 


A16 
68 
A17 
67 
A18 
66 
A19/S6 
65 


Bus Control 


Name 
Location 


ALE/QSO 
61 
BHE (RFSH) 
64 


SO 
52 
S1 
53 
S2 
54 


RD/QSMD 
62 
WR/QS1 
63 


ARDY 
55 
SRDY 
49 


DEN 
39 
LOCK 
48 


HOLD 
50 
HLDA 
51 


Power 


Name 
Location 


Vss 
26,60 
Vcc 
9,43 


Processor Control 


Name 
Location 


RESIN 
24 
RESOUT 
57 


CLKIN 
59 
OSCOUT 
58 
CLKOUT 
56 


TEST/BUSY 
47 


PDTMR 
40 


NMI 
46 
INTO 
45 
INT1/SELECT 
44 
INT2/iNTAO 
42 
INT3/INTA 1/ 
41 
IRQ 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EA/80L188EA. 


I/O 


Name 
Location 


OCS 
34 
LCS 
33 
MCSO/PEREQ 
38 
MCS1/ERROR 
37 
MCS2 
36 
MCS3/NCS 
35 


PCSO 
25 
PCS1 
27 
PCS2 
28 
PCS3 
29 
PCS4 
30 
PCS5/A1 
31 
PCS6/A2 
32 


TOOUT 
22 
TOIN 
20 
T10UT 
23 
T11N 
21 


DRQO 
18 
DRQ1 
19 


Location 
Name 


1 
AD15 (A15) 


2 
AD7 
3 
AD14 (A14) 


4 
AD6 
5 
AD13 (A13) 
6 
AD5 


7 
AD12 (A12) 
8 
AD4 
9 
Vee 


10 
AD11 (A11) 


11 
AD3 


12 
AD10 (A10) 
13 
AD2 
14 
AD9(A9) 
15 
AD1 
16 
AD8 (A8) 


17 
ADO 


Location 
Name 


18 
DRQO 
19 
DRQ1 
20 
TOIN 
21 
T11N 
22 
TOOUT 
23 
T10UT 
24 
RESIN 
25 
PCSO 
26 
Vss 
27 
J5CS1 


28 
PCS2 
29 
PCS3 
30 
PCS4 
31 
PCS5/A1 
32 
PCSG/A2 
33 
[CS 
34 
DCS 


Location 
Name 


35 
MCS3/NCS 
36 
MCS2 
37 
MCS1/ERROR 
38 
MCSO/PEREQ 
39 
i)EN 


40 
PDTMR 
41 
INT3/INTA1/ 
IRQ 
42 
INT2/INTAO 
43 
'Ice 
44 
INT1/SELECT 
45 
INTO 
46 
I\IMI 
47 
'fEST/BUSY 
48 
_OCK 
49 
SRDY 
50 
-lOLD 
51 
HLDA 


NOTE: 
Pin names 
in parentheses 
apply to the 80C186EAl80L 
188EA. 


~~ 
I" 
0 
- 
::> 
V> 
~ ~ ~ 


V> 
'" 
V> 
V> 
" 
Z 
::> 
::> 
::> 
"- 
" " "- 
0 " " 
>- 
~ " ., 
0> I~ 


"- 
"- 
w 
~ ~ '-' ~ ~ " 
I~ 1& :;! 
V> 
'" 
I:;: I;;; I~ 
'" 
'" 
'" 
'" 
> 
'-' " 
'-' 
'" 


Location 
Name 


52 
SO 


53 
Sf 


54 
S2 


55 
ARDY 


56 
CLKOUT 


57 
RESOUT 


58 
OSCOUT 


59 
CLKIN 


60 
VSS 


61 
ALE/QSO 


62 
RD/OSMD 
, 


63 
WR/QS1 


64 
BHE (RFSH) 


65 
A19/S6 
66 
A18 


67 
A17 


68 
A16 


(A1S) 
ADIS 
HLDA 


AD7 
HOLO 


(A 14) 
AD14 
SRDY 


AD6 


(A13) 
AD13 
TEST /SUSY 


ADS 
NMI 


(A 12) 
AD12 
INTO 


AD. 
• 


INT 1/SELECT 


N80C186EA20 


Vcc 
I 


XXXXXXXXD 
(See 
Note) 


Vcc 


(All) 
ADt1 
INT2/INTAD 


AD3 
INT3/INTAt/IRQ 


(AID) 
AD10 
PDTMR 


AD2 
(TOP) 
DEN 


(A9) 
AD9 
MCSO/PEREQ 


ADI 
MCSI/ERROR 


(AS) 
ADS 
MCS2 


ADO 
MCS3/NCS 


o 
;; 
z 
z 
~ 
~ IZ 10 
'" 1- IN I'" I· - N 
IV> 
IV> 
~ ~ ~ ~ g g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ g 
c 
0 
- 
~ 
~ 
~ 
~ 
~ I'"I~ 
•••• 
••.• 
V) 
(I) 
'-' '-' 
NOTES: 
no 
CL 
272432-5 


1. The nine-character 
alphanumeric 
code 
(XXXXXXXXD) 
underneath 
the oroduct 
number 
is the Intel FPO number. 


2. Pin names 
in parentheses 
apply to the 80C186EAl80L188EA. 


• 


Aaaress/Data 
BuS 


Name 
Location 


ADO 
64 


ADl 
66 


AD2 
68 


AD3 
70 


AD4 
74 


AD5 
76 


AD6 
78 


AD7 
80 


AD8(A8) 
65 


AD9 (A9) 
67 


AD10 (Al0) 
69 


ADll 
(All) 
71 


AD12 (A12) 
75 
AD13 (A13) 
77 


AD14 (A14) 
79 
AD15 (A15) 
1 


A16 
3 


A17 
4 


A18 
5 


A19/S6 
6 


Bus Control 


Name 
Location 


ALE/QSO 
10 
BHE (RFSH) 
7 


SO 
23 
Sf 
22 
52 
21 


RD/<:lSMD 
9 
WR/QSl 
8 
ARDY 
20 
SRDY 
27 
DTIR 
37 
DEN 
39 


LOCK 
28 


HOLD 
26 
HLDA 
25 


Power 


Name 
Location 


Vss 
12,13,24, 
53,62 
Vcc 
2,33,34, 
44, 72, 73 


Processor Control 


Name 
Location 


RESIN 
55 
RESOUT 
18 
CLKIN 
16 
OSCOUT 
17 
CLKOUT 
19 
TEST/BUSY 
29 
PDTMR 
38 
NMI 
30 
INTO 
31 
INT1/SELECT 
32 
INT2/iNTAO 
35 
INT3/iNTA1/ 
36 
IRQ 
N.C. 
11, 14, 
15,63 


NOTE: 
Pin names in parentheses apply to the 80C186EAl80L 188EA. 


I/O 


Name 
Location 


UCS 
45 


LCS 
46 


MCSO/PEREQ 
40 


MCS1/ERROR 
41 


MCS2 
42 


MCS3/NCS 
43 


PCSO 
54 


PCS1 
52 


PCS2 
51 


PCS3 
50 


PCS4 
49 


PCS5/Al 
48 


PCS6/A2 
47 


TOOUT 
57 


TOIN 
59 


riOUT 
56 


TllN 
58 


DRQO 
61 


DRQl 
60 


Location 
Name 


1 
AD15 (A15) 


2 
Vcc 
3 
A16 


4 
A17 
5 
A18 


6 
A19/S6 


7 
BHE (RFSH) 


8 
WR/QS1 


9 
RD/OSMD 


10 
ALE/QSO 
11 
N.C. 
12 
VSS 
13 
VSS 
14 
N.C. 


15 
N.C. 


16 
CLKIN 
17 
OSCOUT 
18 
RESOUT 
19 
CLKOUT 
20 
ARDY 


Location 
Name 


21 
52 
22 
S1 
23 
SO 
24 
VSS 
25 
HLDA 
26 
HOLD 
27 
SRDY 
28 
[QCK 


29 
TEST/BUSY 
30 
NMI 
31 
INTO 
32 
INT1/SELECf 
33 
Vcc 
34 
VCC 
35 
INT2/INTAO 
36 
INT3/INTA1/ 
IRQ 
37 
DT/R 
38 
PDTMR 
39 
DEN 
40 
~/PEREQ 


Location 
Name 


41 
~iCS1/ERROR 
42 
~iCS2 
43 
~iCS3/NCS 
44 
VCC 
45 
Des 
46 
n::S 
47 
PCS6/A2 
48 
PCS5/A1 
49 
PCS4 
50 
pCS3 
51 
PCS2 
52 
p:::sf 
53 
VSS 
54 
j5i~ 


55 
RESIN 
56 
TlOUT 
57 
TOOUT 
58 
TIIN 
59 
TOIN 
60 
D"IQ1 


NOTE: 
Pin names in parentheses apply to the 80C186EAl80L188EA. 


(A8) 
AD8 


ADI 


(A9) 
AD9 


AD2 


(A 10) 
AD10 


AD3 


(All) 
AD 11 


Vcc 


Vcc 


AD. 


(A 12) 
AD 12 


ADS 


(A13) 
AD13 


AD6 


(A14) 
AD14 


AD7 


~ 
:3 ~ ~ ., ., I 


W 


- I" " u 
>~ ~ 
u z " " , >- II;; I;;; I:>: ~ 
II) 
::l: V) 
::I ~ 
>~ 
~ 
" 
>~ 
" 
> 
.• .. .. 
•••••..•CD 0 
en 
0 
Z 
Z 
0 
~ ~ '" 
.. 
•. ......I~ 0 ~ 
u ~ 
.. 
"' 
.. I~~I~ 
0 
'0 
.. 


Location 
Name 


61 
DRQO 


62 
VSS 


63 
N.C. 


64 
ADO 


65 
AD8 (A8) 


66 
AD1 


67 
AD9 (A9) 


68 
AD2 


69 
AD10 (A10) 


70 
AD3 


71 
AD11 (A11) 


72 
VCC 


73 
VCC 


74 
AD4 


75 
AD12 (A12) 


76 
AD5 


77 
AD13 (A13) 


78 
AD6 


79 
AD14 (A14) 


80 
AD7 


"eSO/PEREa 


DEN 


PDTIlIR 


DT/ll 


INT3/INT 
AI/IRa 


INT2/INTAD 


Vcc 


Vcc 


INT 1/SELECT 


INTO 


N"I 


TESTlousy 


LOCK 


SRDY 


HOLD 


HlDA 


NOTES: 
272432-6 
1. The nine-character alphanumeric code (XXXXXXXXD)underneath the product number is the Intel FPO number. 
2. Pin names in parentheses apply to the 80C186EAl80L188EA. 


• 


AD Bus 


ADO 
1 


AD1 
3 
AD2 
6 
AD3 
8 
AD4 
12 
AD5 
14 
AD6 
16 
AD7 
18 
AD8 (A8) 
2 
AD9 (A9) 
5 
AD10 (A10) 
7 
AD11 (A11) 
9 
AD12 (A12) 
13 
AD13 (A13) 
15 
AD14 (A14) 
17 
AD15 (A15) 
19 
A16/S3 
21 
A17/54 
22 
A18/S5 
23 
A19/S6 
24 


Bus Control 


ALE/QSO 
29 
BHE/(RFSH) 
26 
SO 
40 
Sf 
39 
52 
38 
RD/OSMD 
28 
WR/QS1 
27 
ARDY 
37 
SRDY 
44 
DEN 
56 
DT/R 
54 
LOCK 
45 


. HOLD 
43 
HLDA 
42 


N.C. 
N.C. 
N.C. 
N.C. 


Processor 
Control 


RESIN 
73 
RESOUT 
34 
CLKIN 
32 
OSCOUT 
33 
CLKOUT 
36 
TEST/BUSY 
46 
NMI 
47 
INTO 
48 
INT1/SEITCT 
49 
INT2/INTAO 
52 
INT3/INTA1 
53 
PDTMR 
55 


Power and Ground 


Vcc 
10 


Vcc 
11 
Vcc 
20 
Vcc 
50 
Vcc 
51 
Vcc 
61 
Vss 
30 
Vss 
31 
Vss 
41 
Vss 
70 
Vss 
80 


NOTE: 
Pin names 
in parentheses 
apply to the 80C186EAl80L 188EA. 


1 
ADO 
2 
AD8(A8) 
3 
AD1 


4 
N.C. 


5 
AD9(A9) 
6 
AD2 


7 
AD10 (A10) 


8 
AD3 
9 
AD11 (A11) 
10 
VCC 
11 
VCC 


12 
AD4 


13 
AD12 (A12) 
14 
AD5 


15 
AD13 (A13) 


16 
AD6 


17 
AD14 (A14) 


18 
AD7 


19 
AD15 (A15) 
20 
VCC 


21 
A16/S3 
22 
A17/S4 
23 
A18/S5 
24 
A19/S6 
25 
N.C. 
26 
BHE/(RFSH) 
27 
WR/QS1 
28 
RD/OSMD 
29 
ALE/QSO 
30 
VSS 
31 
Vss 
32 
X1 
33 
X2 
34 
RESET 
35 
N.C. 


36 
CLKOUT 
37 
ARDY 
38 
52 
39 
Sf 
40 
SO 


NOTE: 
Pin names 
in parentheses 
apply to the 80C186EA/80L188EA. 


41 
VSS 
42 
HLDA 
43 
HOLD 
44 
SRDY 
45 
LOCK 
46 
TEST/BUSY 
47 
MI 
48 
INTO 
49 
INT1/SELECT 
50 
VCC 
51 
VCC 
52 
INT2/INTAO 
53 
INT3/INTA1 
54 
DT/R 
55 
PDTMR 
56 
DEN 
57 
MCSO/PEREQ 
58 
MCS1/ERROR 
59 
MCS2 
60 
MCS3/NPS 


I/O 


DeS 
62 


LCS 
63 


MCSQ/PEREQ 
57 


MCS1/ERROR 
58 


MCS2 
59 


MCS3/NPS 
60 


PCSO 
71 


j5CSf 
69 


PCS2 
68 


PCS3 
67 


PCs.i 
66 


PCS5/A1 
65 


PCS6/A2 
64 


TMR INO 
77 


TMR IN 1 
76 


TMROUTO 
75 


TMROUT 
1 
74 


DRQO 
79 


DRQ1 
78 


61 
VCC 


62 
Des 


63 
LCS 


64 
PCS6/A2 


65 
PCS5/A1 


66 
PCS4 


67 
PCS3 


68 
PCS2 
69 
PCS1 


70 
Vss 


71 
PCSO 
72 
N.C. 


73 
RES 


74 
TMROUT 
1 


75 
TMROUTO 


76 
TMR IN 1 


77 
TMR INO 


78 
DRQ1 


79 
DRQO 


80 
Vss 


Vss 


HLDA 


HOLD 


SRDY 


LOCK 


TEST/BUSY 


NWI 


INTO 


INT 1/SElECT 


Vee 


Vee 


INT2/INTAO 


INn/INTA 
1/100 


DT/Il 


POT..,.R 


DEN 


weSO/PEREO 


wes 
l/ERROR 


weS2 


weS3/Nes 


r" 


o 
0 
Cil 
~ 
~ 
~ 5 
V1 
~ 
~ 
~: 
:> 
:> 
Z 
~ 
0 
0 ..... 
'" 
>- ~ 
~ ~ 


-;;; 
~ 
u 
g ~ 
>'fA 
~ I~ IiI~~u 
'" 
I~ I;;; I~ .. 
u 
Z 
0 
u 
>~ 
Z .. .. :; :; 


Vee 


ADls 
(Als) 


AD7 


ADU 
(AU) 


AD6 


AD13 
(AD) 


ADs 


AD12 
(A 12) 


AD' 


Vee 


Vee 


AD11 
(All) 


AD3 


AD10 
(A1D) 


AD2 


AD9 
(A9) 


N.C. 


ADl 


AD8 
(A8) 


ADO 


U I'" I'" '" - I" I'" I'" 1- ~1 


0 


. IZ ~ ~ Z Z - 
0 
~ 
>ooo.""V1(1)VI(I»""VI~iii~~;:i500 
VI 
~ ~ , , 
0 0 0 0 
0 Z woo 
~ 
~ 
~ 
~ 
> 
I~I~~ ~ ~ ~ 
~ 
~ - 
0 
0 
0 
Vl 
VI 
~ 
~ 
~ ~ 


NOTES: 
1. XXXXXXXXD 
indicates 
the Intel FPO number. 


2. Pin names 
in parentheses 
apply to the 80C188EA. 


PACKAGE 
THERMAL 


SPECIFICATIONS 


TA (the 
ambient 
temperature) 
can 
be 
calculated 


from 0CA (thermal 
resistance 
from the case to ambi- 


ent) with tre 
following 
equation: 


The 80C186EAl80L 
186EA is specified 
for operation 


when TC (the case temperature) 
is within the range 


of O°C to 85°C 
(PLCC 
package) 
or O°C to 
106°C 


(QFP-EIAJ) 
package. 
TC may be measured 
in any 


environment 
to determine 
whether 
the processor 
is 


within 
the specified 
operating 
range. The case tem- 


perature 
must be measured 
at the center 
of the top 


surface. 


Typical 
values 
for 0CA at various 
airflows 
are given 


in Table 
10. 


P (the 
maximum 
power 
consumption, 
specified 
in 


watts) 
is calculated 
by using the maximum 
ICC as 


tabulated 
in the DC specifications 
and VCC of 5.5V. 


Table 
10. Thermal 
Resistance 
(OCA) at Various 
.Alrflows 
(In °C/Wat1) 


Airflow 
Linear 
ft/ntin 
(m/sec) 


0 
200 
400 
600 
800 
1000 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


0CA (PLCC) 
29 
25 
21 
19 
17 
16.5 


0CA (QFP) 
66 
63 
60.5 
59 
58 
57 


0CA (SQFP) 
70 


• 


Absolute 
Maximum Ratings· 


Storage Temperature 
- 65·C to + 150·C 


Case Temperature 
under Bias 
- 65·C to + 150·C 


Supply Voltage 
with Respect 


to Vss 
-O.5V 
to + 6.5V 


Voltage 
on Other Pins with Respect 


to Vss 
-O.5V 
to Vcc + O.5V 


Power 
and 
ground 
connections 
must 
be made 
to 
multiple 
Vee and Vss pins. Every 80C186EA 
based 
circuit 
board 
should 
contain 
separate 
power 
(Ved 
and ground (Vss) planes. All Vee and Vss pins must 
be connected 
to the appropriate 
plane. 
Pins identi- 
fied as "N.C." 
must not be connected 
in the system. 


Decoupling 
capacitors 
should 
be placed 
near 
the 
processor. 
The value and type of decoupling 
capac- 


NOTICE: This data sheet contains 
preliminary infor- 


mation on new products in production. 
It is valid for 


the 
devices 
indicated 
in the 
revision 
history. 
The 


specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


itors is application 
and board layout dependent. 
The 


processor 
can cause 
transient 
power 
surges 
when 


its output 
buffers 
transition, 
particularly 
when 
con- 


nected 
to large capacitive 
loads. 


Always 
connect 
any unused 
input pins to an appro- 


priate signal level. In particular, 
unused interrupt 
pins 


(NMI, INT3:0) 
should 
be connected 
to Vss to avoid 


unwanted 
interrupts. 
Leave any unused output 
pin 


or any "N.C." pin unconnected. 


intel~ 


Symbol 
Parameter 
Mln 
Max 
Units 
Conditions 


Vce 
Supply Voltage 
4.5 
5.5 
V 


VIL 
Input Low Voltage for All Pins 
-0.5 
0.3 Vcc 
V 


VIH 
Input High Voltage for All Pins 
0.7 Vcc 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 3 mA (min) 


VOH 
Output High Voltage 
Vcc 
- 
0.5 
V 
IOH = - 2 mA (min) 


VHYR 
Input Hysterisis 
on RESIN 
0.30 
V 


11L1 
Input Leakage Current (except 
±10 
IJ-A 
OV ~ VIN ~ Vcc 


AD/OSMO, 
UCS, LCS, MCSO/PEREa, 
MCS1/ERROR, 
LOCK and TEST/BUSY) 


11L2 
Input Leakage Current 
-275 
IJ-A 
VIN = 0.7VCC 
(RD/QSMD, 
DC$, LCS, MCSO/PEREa, 
(Note 1) 


MCS1, ERROR, LOCK and TEST/BUSY 


IOL 
Output Leakage Current 
±10 
IJ-A 
0.45 ~ VOUT ~ Vcc 
(Note 2) 


Ice 
Supply Current Cold (RESET) 
80C186EA20/80C188EA20 
100 
mA 
(Note 3) 


80C186EA13/80C188EA13 
65 
mA 


110 
Supply Current In Idle Mode 
80C186EA20/80C188EA20 
70 
mA 
80C186EA13/80C188EA13 
46 
mA 


Ipo 
Supply Current In Powerdown 
Mode 
80C186EA20/80C188EA20 
100 
IJ-A 
80C186EA13/80C188EA13 
100 
IJ-A 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 4) 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


NOTES: 
1. RD/~, 
ucg, ICS, MCSO/PEREa, MCST/rnROR, 
[QCK and TEST/I3USY have internal pullups that are only acti- 
vated during RESET. Loading these pins above IOl = -275 
p.A will cause the processor to enter alternate modes of 
operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vcc with all outputs loaded as spl3cifiedin the AC Test Conditions, and with the 
device in RESET (m:gjjij held low). RESET is worst case for Ice. 
4. Output capacitance is the capacitive load of a floating output pin. 


• 


Symbol 
Parameter 
Mln 
Max 
Units 
Conditions 


Vcc 
Supply Voltage 
2.7 
5.5 
V 


VIL 
Input Low Voltage for All Pins 
-0.5 
0.3 VCC 
V 


VIH 
Input High Voltage for All Pins 
0.7 Vcc 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA (min) 


VOH 
Output High Voltage 
Vcc 
- 
0.5 
V 
IOH = -1 
mA (min) 


VHYR 
Input Hysterisis 
on RESIN 
0.30 
V 


IIL1 
Input Leakage Current (except 
±10 
!J.A 
OV:5: VIN:5: Vcc 


RD/QSMD, 
DCS, res, MCSO/PEREQ, 
MCS1, LOCK and TEST) 


IIL2 
Input Leakage Current 
-275 
!J.A 
VIN = 0.7 VCC 


(RD/QSMD, 
UCS, LCS, MCSO, 
(Note 1) 


MCS1, LOCK and TESn 


IOL 
Output Leakage Current 
±10 
!J.A 
0.45 :5:VOUT :5:Vcc 
(Note 2) 


ICC5 
Supply Current (RESET, 5.5V) 
80L 186EA-13 
65 
mA 
(Note 3) 


80L186EA-8 
40 
mA 
(Note 3) 


ICC3 
Supply Current (RESET, 2.7V) 
80L 186EA-13 
34 
mA 
(Note 3) 


80L186EA-8 
20 
mA 
(Note 3) 


1105 
Supply Current Idle (5.5V) 
80L 186EA-13 
46 
mA 
80L186EA-8 
28 
mA 


1105 
Supply Current Idle (2.7V) 
80L 186EA-13 
24 
mA 
80L186EA-8 
14 
mA 


IpD5 
Supply Current Powerdown 
(5.5V) 
80L186EA-13 
100 
!J.A 
80L186EA-8 
100 
!J.A 


IpD3 
Supply Current Powerdown 
(2.7V) 
80L 186EA-13 
50 
!J.A 
80L186EA-8 
50 
!J.A 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 4) 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


NOTES: 
1. RD/QSMD, ~, 
CCS, MCSO, MCS1, LOCK and TEST have internal pullups that are only activated during RESET. 


Loading these pins above IOL = -275,...A will cause the processor to enter alternate modes of operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vcc with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). 
4. Output capacitance is the capacitive load of a floating output pin. 


The current (Icd 
consumption of the processor is 


essentially composed of two components; Ipo and 
Iccs· 


Ipo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or VCC(no clock applied to 
the device). Ipo is equal to the Powerdown current 
and is typically less than 50 J.LA. 


ICCSis the switching 
current used to charge and 


discharge parasitic device capacitance when chang- 
ing logic levels. Since Ices is typically much greater 
than Ipo, Ipo can often be ignored when calculating 
Icc· 


ICCSis related to the voltage and frequency at which 
the device is operating. It is given by the formula: 


Power = V x I = V2 X COEVX f 
... I = Icc = Iccs = V X COEVX f 


Where: V = Device operating voltage (Vcd 


COEV= Device capacitance 
f = Device operating frequency 


Ices = Icc = Device current 


Measuring COEVon a device like the 80C186EA 
would be difficult. Instead, COEVis calculated using 
the above formula by measuring Icc at a known Vcc 
and frequency (see Table 11). Using this COEVval- 
ue, Icc can be calculated at any voltage and fre- 
quency within the specified operating range. 


EXAMPLE: Calculate the typical Icc when operating 
at 20 MI-!z,4.8V. 


Icc = Iccs = 4.8 x 0.515 x 20 :::::49 mA 


The PDTMR pin provides a delay between the as- 
sertion of NMI and the enabling of the internal 
clocks whelnexiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 


NOTE: 
The PDTMR pin function does not apply when 
RESIN is a.sserted (Le., a device reset during Pow- 
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi- 
lized). 


To calculate the value of capacitor required to pro- 
vide a desil'ed delay, use the equation: 
2 


440 x t = CpO (5V, 2S°C) 
Where: t =, desired delay in seconds 
Cpo = capacitive load on PDTMR in mi· 


crofarads 


EXAMPLE: To get a delay of 300 J.Ls,a capacitor 
valueofCpD 
= 440 x (300 x 10-6) 
= 0.132 J.LFis 


required. Round up to standard (available) capaci- 
tive values. 


NOTE: 
The above equation applies to delay times greater 
than 10 J.Lsand will compute the TYPICAL capaci- 
tance needl3dto achieve the desired delay. A delay 
variance 01 +50% 
or -25% 
can occur due to 


temperature!, voltage, 
and 
device 
process 
ex- 


tremes. In general, higher Vcc and/or lower tem- 
perature will decrease delay time, while lower Vcc 
and/or higher temperature will increase delay time. 


Parameter 
Typ 
Max 
Units 
Notes 


COEV(Device in Reset) 
0.515 
0.905 
mAN·MHz 
1,2 


COEV(Device in Idle) 
0.391 
0.635 
mAN· MHz 
1,2 


1. Max CDEVis calculatedat -40°C, all floatingoutputsdrivento Vcc or GNO,and all 
outputsloadedto 50pF (includingCLKOUTandOSCOUT). 
2. TypicalCDEVis calculatedat 25°Cwithall outputsloadedto 50 pF exceptCLKOUTand 
OSCOUT.whicharenotloaded. 


AC SPECIFICATIONS 


AC Characterlstics-80C 
186EA20/80C 
186EA 13 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 
Notes 


INPUT CLOCK 
20 MHz 
13 MHz 


TF 
CLKIN Frequency 
0 
40 
0 
26 
MHz 
1 


Tc 
CLKIN Period 
25 
00 
38.5 
00 
ns 
1 


TCH 
CLKIN High Time 
10 
00 
12 
00 
ns 
1,2 


TCl 
CLKIN Low Time 
10 
00 
12 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
17 
0 
23 
ns 
1,4 


T 
CLKOUT 
Period 
2·Tc 
2·Tc 
ns 
1 


TpH 
CLKOUT 
High Time 
(T/2)-5 
(T/2)-5 
ns 
1 


Tpl 
CLKOUT 
Low Time 
(T/2)-5 
(T/2) 
- 
5 
ns 
1 


TpR 
CLKOUT 
Rise Time 
1 
6 
1 
6 
ns 
1,5 


TpF 
CLKOUT 
Fall Time 
1 
6 
1 
6 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOV1 
ALE, S2:0, DEN, DT IR, 
3 
22 
3 
25 
ns 
1,4,6,7 


SHE, (RFSH), LOCK, A19:16 


TCHOV2 
MCS3:0, LCS, UCS, PCS6:0, 
3 
27 
3 
30 
ns 
1,4,6,8 


NCS, RD, WR 


TClOV1 
SHE (RFSH), DEN, LOCK, 
3 
22 
3 
25 
ns 
1,4,6 


RESOUT, 
HLDA, 
TOOUT, T10UT, 
A19:16 


TCLOV2 
RD, WR, MCS3:0, LCS, 
3 
27 
3 
30 
ns 
1,4,6 


UCS, PCS6:0, AD15:0 
(A 15:8, AD7:0), 
NCS,INTA1:0, 
S2:0 


TCHOF 
RD, WR, SHE (RFSH), DT IR, 
0 
25 
0 
25 
ns 
1 


LOCK, S2:0, A19:16 


TClOF 
DEN, AD15:0 (A 15:8, AD7:0) 
0 
20 
0 
25 
ns 
1 


infel~ 


AC SPECIFICATIONS 
(Continued) 


AC Characteristics-80C 
186EA20/80C 
186EA 13 


Symbol 
Parameter 
Min 
Max 
Mln 
Max 
Units 
Notes 


SYNCHRONOUS 
INPUTS 
20 MHz 
13 MHz 


TCHIS 
TEST, NMI, INT3:0, 
10 
10 
ns 
1,9 
T1 :OIN, ARDY 


TCHIH 
TEST, NMI, INT3:0, 
3 
3 
ns 
1,9 
T1 :OIN, ARDY 


TCLIS 
AD15:0 (AD7:0), ARDY, 
10 
10 
ns 
1,10 
SRDY, DRQ1:0 


TCLIH 
AD15:0 (AD7:0), ARDY, 
3 
3 
ns 
1,10 
SRDY, DRQ1:0 


TCLIS 
HOLD, PEREQ, ERROR 
10 
10 
ns 
1,9 
(80C186EA 
Only) 


TCLIH 
HOLD, PEREQ, ERROR 
3 
3 
ns 
1,9 
(80C186EA 
Only) 


TCLIS 
RESIN (to ClKIN) 
10 
10 
ns 
1,9 


TCLIH 
RESIN (from ClKIN) 
3 
3 
ns 
1,9 


NOTES: 
1. See AC Timing 
Waveforms, 
for waveforms 
and definition. 


2. Measured 
at VIH for high time. VIL for low time. 


3. Only required 
to guarantee 
Icc. 
Maximum 
limits are bounded 
by Tc. TCH ~Ind TCL. 


4. Specified 
for a 50 pF load. see Figure 
13 for capacitive 
derating 
information. 


5. Specified 
for a 50 pF load. see Figure 
14 for rise and fall times 
outside 
50 pF. 


6. See Figure 
14 for rise and fall times. 


7. TCHOV1 applies 
to SHE (RFSH). 
LOCK and A19:16 
only after a HOLD 
release. 


8. TCHOV2 applies 
to RD and WR only after a HOLD release. 


9. Setup 
and Hold are required 
to guarantee 
recognition. 


10. Setup 
and Hold are required 
for proper 
operation. 
11. TCHOVS applies 
to SHE (RFSH) 
and A19:16 
only after a HOLD 
release. 


Pin names 
in parentheses 
apply to the 80C188EA/80L188EA. 


• 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 
Notes 


INPUT CLOCK 
13 MHz 
8MHz 


TF 
CLKIN Frequency 
0 
26 
0 
16 
MHz 
1 


Tc 
CLKIN Period 
38.5 
00 
62.5 
00 
ns 
1 


TCH 
CLKIN High Time 
12 
00 
12 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
12 
00 
12 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
45 
0 
95 
ns 
1,4 
T 
CLKOUT 
Period 
2'Tc 
2'Tc 
ns 
1 
TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) 
- 
5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) 
- 
5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
12 
1 
12 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
12 
1 
12 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOVl 
ALE, LOCK 
3 
27 
3 
27 
ns 
1,4,6,7 


TCHOV2 
MCS3:0, LCS, UCS, 
3 
32 
3 
32 
ns 
1,4, 


PCS6:0, RD, WR 
6,8 


TCHOV3 
S2:0 (DEN), DT IR, 
3 
30 
3 
30 
ns 
1 


SHE (RFSH), A19:16 


TCLOVl 
LOCK, RESOUT, 
HLDA, 
3 
27 
3 
27 
ns 
1,4,6 
TOOUT, T10UT 


TCLOV2 
RD, WR, MCS3:0, LCS, 
3 
32 
3 
35 
ns 
1,4,6 
UCS, PCS6:0, INTA1:0 


TCLOV3 
SHE (RFSH), DEN, A19:16 
3 
30 
3 
30 
ns 
1,4,6 


TCLOV4 
AD15:0 (A 15:8, AD7:0) 
3 
34 
3 
35 
ns 
1,4,6 


TCLOV5 
S2:0 
3 
38 
3 
40 
ns 
1,4,6 


TCHOF 
RD, WR, SHE (RFSH), 
0 
27 
0 
27 
ns 
1 
DT/R, 
LOCK, 


S2:0, A19:16 


TCLOF 
DEN, AD15:0 
(A 15:8, AD7:0) 
0 
27 
0 
27 
ns 
1 


NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by Tc, TCHand TCL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOV1applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. TCHOV2applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
11. TCHOVSapplies to SHE (RFSH) and A19:16 only after a HOLD release. 
12. Pin names in parentheses apply to the 80C188EAl80L 188EA. 
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Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 
Notes 
SYNCHRONOUS 
INPUTS 
13 MHz 
8MHz 


TCHIS 
TEST, NMI, INT3:0, T1 :OIN, ARDY 
22 
22 
ns 
1,9 


TCHIH 
TEST, NMI, INT3:0, T1 :OIN, ARDY 
3 
3 
ns 
1,9 


TCLIS 
AD15:0 (AD7:0), ARDY, SRDY, DRQ1:0 
22 
22 
ns 
1, 10 


TCLIH 
AD15:0 
(AD7:0), ARDY, SRDY, DRQ1:0 
3 
3 
ns 
1, 10 


TCLIS 
HOLD 
22 
22 
ns 
1,9 


TCLIH 
HOLD 
3 
3 
ns 
1,9 


TCLIS 
RESIN (to CLKIN) 
22 
22 
ns 
1,9 


TCLIH 
RESIN (from CLKIN) 
3 
3 
ns 
1,9 


NOTES: 
1. See AC TIming 
Waveforms, 
for waveforms 
and definition. 


2. Measured 
at VIH for high time, VIL for low time. 


3. Only required 
to guarantee 
Icc. 
Maximum 
limits are bounded 
by T c' 
T CH and T CL· 
4. Specified 
for a 50 pF load, see Figure 
13 for capacitive 
derating 
information. 
5. Specified 
for a 50 pF load, see Figure 
14 for rise and fall times 
outside 
50 pF. 
6. See Figure 
14 for rise and fall times. 
7. TCHOV1 
applies 
to SHE (RFSH), 
LOCK and A19:16 
only after a HOLD 
release. 


8. T CHOV2 
applies 
to RD and WR only after a HOLD release. 
9. Setup 
and Hold are required 
to guarantee 
recognition. 


10. Setup 
and Hold are required 
for proper 
operation. 


11. TCHOVS 
applies 
to i3RE (RFSH) 
and A19:16 
only after a HOLD 
release. 


12. Pin names 
in parentheses 
apply to the 80C188EAl80L 
188EA. 


• 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


RELATIVE 
TIMINGS 


TLHLL 
ALE Rising to ALE Falling 
T - 
15 
ns 


TAVLL 
Address 
Valid to ALE Falling 
%T - 
10 
ns 


TpLLL 
Chip Selects Valid to ALE Falling 
%T - 
10 
ns 
1 


TLLAX 
Address 
Hold from ALE Falling 
%T - 
10 
ns 


TLLWL 
ALE Falling to WR Falling 
%T - 
15 
ns 
1 


TLLRL 
ALE Falling to RD Falling 
%T - 
15 
ns 
1 


TRHLH 
RD Rising to ALE Rising 
%T - 
10 
ns 
1 


TWHLH 
WR Rising to ALE Rising 
%T - 
10 
ns 
1 


TAFRL 
Address 
Float to RD Falling 
0 
ns 


TRLRH 
RD Falling to RD Rising 
(2"T) 
- 
5 
ns 
2 


TWLWH 
WR Falling to WR Rising 
(2"T) 
- 
5 
ns 
2 


TRHAV 
RD Rising to Address 
Active 
T - 
15 
ns 


TWHDX 
Output Data Hold after WR Rising 
T - 
15 
ns 


TWHDEX 
WR Rising to DEN Rising 
%T - 
10 
ns 
1 


TWHPH 
WR Rising to Chip Select Rising 
%T - 
10 
ns 
1,4 


TRHPH 
RD Rising to Chip Select Rising 
%T - 
10 
ns 
1,4 


TpHPL 
CS Inactive to CS Active 
%T - 
10 
ns 
1 


TDXDL 
DEN Inactive to DT fR Low 
0 
ns 
5 


TOVRH 
ONCE (UCS, LCS) Active to RESIN Rising 
T 
ns 
3 


TRHOX 
ONCE (UCS, LCS) to RESIN Rising 
T 
ns 
3 


NOTES: 
1. Assumes 
equal loading 
on both pins. 


2. Can be extended 
using wait states. 
3. Not tested. 
4. Not applicable 
to latched 
A2: 1. These 
signals 
change 
only on falling 
T 1. 
5. For write cycle 
followed 
by read cycle. 
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The AC specifications are tested with the 50 pF load 
shown in Figure 8. See the Derating Curves section 
to see how timings vary with load capacitance. 


Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 
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NOTE: 
20% Vcc < Float < 80% Vcc 


':::3r-g-rc-H-IH---------'tCLKOUT 
(NOTE) 


~ 
MIN 
~ 
9 
MIN 
9 
MIN 


VCC 


V1H 
V1H 
VALID 


V1l 
V1l 


OV 
272432-11 


NOTE: 
RESIN measured to CLKIN, not CLKOUT 


Vcc 


AOO:15 
(AOO:7l, 
A19:16 
(A19:8) 


OV 


Vcc 


RD or WR 


Vcc 


Or/R 


NOTES: 
1. TDXDL for write cycle 
followed 
by read cycle. 


2. Pin names 
in parentheses 
apply to tthe 80C188EA. 
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> 
on 
N 


@) 
NOM+ 3 
~ 
5 
>- 
NOM + 1 
~... 
0 
>- 
NOM 
=>~ 
=>0 
NOM- 
1 


Figure 13.Typical Output Delay Variations 
Versus Load Capacitance 


The processor performs a reset weration 
any time 
the RESIN pin is active. The RE IN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor- 
rect initialization of the processor. Failure to pro- 
vide RESIN while the device Is powering 
up will 
result In unspecified 
operation 
of the device. 


Figure 15 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to CLKIN must not exceed the Vcc 
threshold being applied to the processor. This is nor- 
mally not a problem if the clock driver is supplied 
with the same Vcc that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vcc and CLKOUT are stable 
(the length of time is application specific and de- 
pends on the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor- 
rectly using an RC reset circuit, but the designer 


Figure 14.Typical Rise and Fall Variations 
Versus Load Capacitance 


must e sure that the ramp time for Vcc is not so 
long that RESIN is never really sampled at a logic 
low level when VCC reaches minimum operating 
conditions. 


Figure 16 shows the timing sequence when RESiN 
is applied after Vcc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat- 
ing state. Any bus operation that is in progress at the 
time RESiN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, skgnals RD/OSMD, lJCg, 
LCS, Meso/PEREQ, 
MC 1/ERROR, LOCK, 
and 


TEST/BUSY are configured as inputs and wea~~ 
held ~ 
by internal pullup transistors. Forcin~ 


and [CS low selects ONCE Mode. Forcing OSMO 
low selects Queue Status Mode. Forcing TEST/ 
BUSY high at reset and low four clocks later enables 
Numerics Mode. Forcing LOCK low is prohibited and 
results in unspecified operation. 
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Vec 
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CLKOUT 
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." 
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C..• 
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~I 
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..• 
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III 
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III 
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NOTES: 
1. CLKOUT 
synchronization 
occurs 
approximately 
1'12 CLKIN 
periods 
after RESIN is sampled 
low. 


2. Pin names 
in parentheses 
apply to the 80C188EA. 


iii 


~...• 
Ol 


CLKIN 


CLKOUT 


UCS,LCS, 


hlCS3:0, 


PCS6:0, 


TOOUT, flOUT, 


NCS 


'11~ 
HLDA, 
ALE 
c:..•II...• 
A 19/56- 
!'l 
~ 


A16 


III 
AD15:0 
(A15:8, 
..• 
AD7:0), 
S2:0, 
3 
::II 
Ro,WR. 
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NOTES: 
1. CLKOUT 
resynchronization 
occUrs approximately 
1% CLKIN 
periods 
after 
RESIN is sampled 
low. If RESIN 
is sampled 
low while 
CLKOUT 
is transitioning 
high, 


then CLKOUT 
will remain 
high for two CLKIN 
periods. 
If ~ 
is sampled 
low while CLKOUT 
is transitioning 
high, then CLKOUT 
will not be affected, 


2. Pin names in parentheses 
apply to the 8OC188EA. 
_.l 


Figures 
17 through 
23 present 
the various 
bus cycles that are generated 
by the processor. 
What is shown 
in 


the figure is the relationship 
of the various 
bus signals to CLKOUT. 
These 
figures 
along with the information 


present 
in AC Specifications 
allow the user to determine 
all the critical 
timing analysis 
needed 
for a given 


application. 


CLKOUT 


S2:0 i\ 


VALID 
7 
\ 


,, 


ALE jJ 
\ 
if 


, 
, 
, 
,,, 
, 
, 


A 19:16 
, 
, 
, 
,(SEE NOTE): 
, 
, 
, 


SHE (RFSH) 
X 


l(ALID 
X 


(A15:8) 


,, 


:X 


: 
AlSO ) 


,, 


AD15:0 
.' 


(AD7:0) 
(.,,0) 


VALID 


,,,, 


MCS3:0. 
, 


PCS6:0, 
, 


LCS. UCS 


,, 


Ro 
,. , 


,,, 


DEN.-J 
f\__ ~f 


NOTES: 
1. During the data phase 
of the bus cycle, 
A19/S6 
is driven 
high for a DMA or refresh 
cycle. 


2. Pin names 
in parentheses 
apply to the 80C188EA. 
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\ 


VALID 
/ 
--- 
\- 


A19:16 
A19:16 
(SEENOTE) 
VALID 


BHE (RfSH) 
X 
X 
(A1S:S) 
VALID 


AD1S:0 


: 
:x 


' ",.0 :x 


, 


""~"'~'" 


: 
: 
:x 


(AD7:0) 


(A7:0) 


(07:0) 
VALID 


MCS3:0, 


PCS6:0, 


LCS, UCS 


NOTES: 
1. During the data phase 
of the bus cycle, 
A 19/86 
is driven 
high for a DMA cycle. 


2. Pin names 
in parentheses 
apply to the 80C188EA. 


Figure 18. Write Cycle Waveform 
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NOTES: 
1. The processor 
drives 
these 
pins to 0 during 
Idle and Powerdown 
ModElS. 
2. Pin names 
in parentheses 
apply to the 80C188EA. 
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NOTES: 
1. INTA occurs 
one clock 
later in Slave 
Mode. 


2. Pin names 
in parentheses 
apply to the 80C188EA. 
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NOTE: 
1. Pin names 
in parentheses 
apply to the 80C188EA. 
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NOTE: 
1. Pin names 
in parentheses 
apply to the 80C188EA. 


intel~ 


,] 


', 
i,,,, 
'---------------- 
, 


,, 


: \~ 
V_A_lI_D 
_ 


,,,,,,, 


i~\~\\\\\\\\\~ 
®\ 


j~lli\~ 


I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
-----(\_- 
,, 


NOTES: 
1. Generalized 
diagram 
for READ or WRITE. 
2. ARDY 
low by either 
edge causes 
a wait state. 
Only rising ARDY 
is fully :synchronized. 


3. SRDY 
low causes 
a wait state. 
SRDY 
must meet setup and hold times to ensure 
correct 
device 
operation. 


4. Either ARDY 
or SRDY active 
high will terminate 
a bus cycle. 


5. Pin names 
in parentheses 
apply to the 80C188EA. 


• 


80C186EA/80C188EA 
EXECUTION 


TIMINGS 


A determination of program exeuction timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycle for each instruction. 
The timings given are based on the following as- 
sumptions: 


• The opcode, along with any data or displacement 


required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDs occur. 
• All word-data is located on even-address bound- 


aries. (80C186EA only) 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


intel~ 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EA has sufficient bus 
performance to endure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program exeuc- 
tion time will not be substanially greater than that 
derived from adding the instruction timings shown. 


The 80C188EA 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 


intel~ 


8OC186EA 
8OC188EA 
Clock 
Clock 
Comment. 


Cycle. 
Cycle. 


1000100w 
mod reg rIm 
2/12 
2/'2' 


1000101w 
mod reg rim 
2/9 
2/9 


1'000'1 
w 
mod 000 rim 
data 
data~w=' 
'2-13 
12-'3 
8/16-bit 


101' 
w reg 
data 
dataifW=1~ 
3-4 
3-4 
8/'6-bit 


,0,0000w. 
addr-Iow 
addr-high ~ 
8' 


'O'OOO'w 
addr-Iow 
addr-high ~ 
9' 


1000"'0 
modO reg rim 
2/9 
2/'3 


'000'100 
modO reg rim 
2/1' 
2/'5 


'1'1'1'1 
mod' 
1 0 ,1m 
16 
20 


01010'9g 
'0 
14 


OOO'eg" 
0 
9 
13 


0"01000 
data 
datah=O] 
'0 
'4 


- 
Puell All 
01100000 
36 
68 


'000'1'1 
modOOO ,1m 
20 
24 


0'0" 
reg 
'0 
'4 


OOOreg 1'1 
(,eg"'Ol) 
8 
'2 


01100001 
5' 
83 


'OOOOl'w 
mod reg rIm 
4/17 
4/17' 


'0010reg 


'1'0010w 
port 
'0 
'0' 


'1,0'10w 
7' 


'1'001' 
w 
port 
9' 


'l,O'l'w 
7' 


"0'0'1' 
" 


15 


10001'0' 
mod reg 
rIm 
6 


1'000'0' 
mod reg 
rIm 
(mod"'l') 
18 
26 


1'000'00 
mod reg rIm 
(mod""') 
18 
26 


, 00"'" 
2 


, 00" 
"0 


, 00 l' 
1 00 
13 


'001'101 
'2 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 
microsysterns. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


11"00Ii! I!. UIllIO IiiI/i\OOW 
2·125 


8OC186EA/80C188EA,80L186EA/80L188EA 
intel~ 


INSTRUCTION 
SET SUMMARY 
(Continued) 


1OC118EA 
1OC118EA 


Function 
F_ 
Clock 
Clock 
Corn_ 


ey- 
~ 


ATA TRANSFER 
(Continued) 
GMENT 
= !legment 
Overrlcle: 


00101110 
2 
2 


00110110 
2 
2 


00111110 
2 
2 


S 
00100110 
2 
2 


RITHMETIC 
DO = Add: 


eg/memo<y 
with register to _ 
{ 
OOOOOOdw 
modreg 
rim 
3/10 
3/10' 


mmediate to register Imemo<y 
I 100000sw 
modOOO 
rim I 
date 
I dateKsw=OI 
4/16 
4/16' 


mmediate to accumulator 
I 0000010w 
date 
I 
dateijw=1 
J 
3/4 
3/4 
6/16-b" 


= AdclwIth 
CIIny: 


eg/memo<y 
with register to_ 
000100dw 
modreg 
rim 
3/10 
3/10' 


mmediate to register/memo<y 
100000sw 
modO 10 rim I 
date 
I dataKsw=OI 
4/16 
4/16' 


mmediate to accumulator 
0001010w 
date 
I 
dateifw=1 
3/4 
3/4 
6/16·M 


He=lncrement 


egtster/memory 
lllllllw 
modOOO 
rim I 
3/15 
3/15' 


egialer 
01000 
reg 
3 
3 


UB = SUb1nlct: 


eg/memory 
and register to_ 
001010dw 
mod reg rim I 
3/10 
3/10' 


mmediate from register lmemory 
100000sw 
mod 1 0 1 rim I 
date 
I dsteKsw=OI 
4/16 
4/16' 


mmediate from accumulator 
0010110w 
date 
I 
dateijw=1 
3/4 
3/4 
6/16-M 


B = SUbtnsct with botrow: 


eg/memory 
and register to e"her 
000110dw 
modreg 
rim I 
3/10 
3/10' 


100000sw 
modO 11 rim I 
date 
I dateKsw-OI 
4/16 
4/16' 


0001110w 
date 
I 
dateijw-l 
3/4 
3/4' 
6/1~ 


C = Decrement 


l111111w 
modOOI 
rim I 
3/15 
3/15' 


01001 
reg 
3 


0011101 
w 
mod reg rim 
3/10 
3/10' 


0011100w 
mod reg rim 
3/10 
3/10' 


100000sw 
modlll 
rim I 
date 
I dateKsw=OI 
3/10 
3/10' 


0011110w 
date 
I 
dateijw=1 
3/4 
3/4 
6/1~ 


1111011w 
modO 11 rim I 
3/10' 
3/10' 


= ASCII adjust for add 
00110111 
6 
6 


00100111 
4 
4 


= ASCII adjust for subtract 
00111111 
7 
7 


00101111 
4 
4 


UL = Muillply (unsigned): 


egister-Byte 
egIster.Word 
emo<y-Byte 
emory-Word 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


26-26 
35-37 
32-34 
41-43 


26-26 
35-37 
32-34 
41-48' 


intel~ 
80C186EA/80C188EA,80L186EA/80L188EA 


INSTRUCTION 
SET SUMMARY 
(Continued) 


8OC188EA 
8OCl88EA 


Function 
Fo"""t 
Clock 
Clock 
Comments 


Cy- 
Cy- 


1111011w 
mod 10 1 rim 


25-28 
25-28 


34-37 
34-37 


31-34 
32-34 


40-43 
40-43' 


011010s1 
mod reg rIm 
data 
22-25 
22·25 


29-32 
~-32 


IV ~ Divide (unsigned): 
1111011w 
mod 110 
rim 


agister-Byte 
29' 
29 
Register-Word 
38 
38 
emory-Byte 
35 
35 • 


emory-Word 
44 
44' 


1111011w 
modl11 
rim 


44-52 
44-52 


53-61 
53-61 


50-58 
50-58 


59-67 
59-67' 


M - 
ASCII adjust for multiply 
11010100 
00001010 
19 
19 


D = ASCII adjust for divide 
11010101 
00001010 
15 
15 


10011000 
2 


WD = Convert word 10double word 
10011001 
4 
4 


1101000w 
mod TTT rim 
2/15 
2/15 


1101001 
w 
modTTTr/m 
5+n/17+n 
5+n/17+n 


1100000w 
modTTTr/m 
counl 
,] 
5+nll7+ 
+ 
17+n 


TTT Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 


100 
SHLISAL 


101 
SHR 


111 
SAR 


NO - 
And: 


Reg/memory 
and register to either 
001000dw 
mod reg rIm 
3/10 
3/10' 


Immediate to register/memory 
1000000w 
mod 100 
rim 
data 
dataifw=1 
4/16 
4/16' 


Immediate to accumulator 
0010010w 
data 
data~w=1 
3/4 
3/4' 
8/16-~ 


EST= And lunctlon 
to Ilsgs, no rssult: 


Register/memory 
and register 
I 1000010w 
mod reg rIm 
3/10 
3/10' 


Immediate data and register/memory 
I 1111011w 
modOOO rim 
data 
dataifw=1 
4/10 
4/10' 


Immediate data and accumulator 
I 1010100w 
data 
dataifw-l 
3/4 
3/4 
8/1S-bit 


R~Or: 


Regl memory and register to either 
000010dw 
mod reg rIm 
3/10 
3/10' 


Immediate to register/memory 
1000000w 
modOOl 
rim 
data 
dataifw=1 
4/16 
4/16' 


Immediate to accumulator 
0000110w 
data 
dataifw=1 
3/4 
3/4' 
8/1S-bit 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 
microsystem!l. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations. 
add 4 clock 
cycles 
for all memory 
transfers. 
I 


~OO~l!:.OIMlOOO~OOW 
2-127 


intel~ 


8OCl86EA 
8OCl88EA 
Function 
Format 
Clock 
Clock 
Commenta 


Cycles 
Cycles 


LOGIC (Continued) 
XOR ~ Exclusive or: 


Reg/memory 
and register to either 
I 001100dw 
mad rag rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
mod 110 
rIm I 
data 
I 
dataifw=l 
I 
4/16 
4/16' 


Immediate to accumulator 
I 0011010w 
data 
I 
dataifw=1 
I 
3/4 
3/4 
8/16-bit 


~OT = Invert register/memory 
I 
1111011 
w 
modOl0 
rim I 
3/10 
3/10' 


TRING MANIPULATION 


MOVS = Move byte/word 
I 1010010w 
14 
14' 


MPS = Compare byte/word 
I 1010011 
w I 
22 
22' 


SCAS ~ Scan byte/word 
I 1010111 
w I 
15 
15' 


LODS = Load byte/wd to AL/ AX 
I 
1010110w 
I 
12 
12' 


TOS ~ Store byte/wd from AL/ AX 
I 
1010101 
w I 
10 
10' 


NS = Input byte/wd from OXport 
I 0110110w 
I 
14 
14 


OOTS= Output byte/wd to OXport 
I 0110111w 
I 
14 
14 


Repeated by count in CX (REP/REPEIREPZ/REPNE/REPNZ) 


MOYS = Move string 
I 
11110010 
I 1010010w 
I 
8+8n 
8+8n' 


CMPS = Compare string 
I 
11 1 1001 
z 
101001.1w I 
5+22n 
5+22n 


CAS = Scan string 
I 
1111001 
z 
1010111 
w I 
5+15n 
5+150' 


LOOS = Load string 
I 
11110010 
1010110w 
I 
6+11n 
6+11n' 


TOS = Store string 
I 
11110010 
1010101 
w I 
6+9n 
6+90' 
I 
I 
.- 
- 


NS = Input string 
11110010 
0110110w 
8+8n 
8+8n· 


OOTS = Output string 
I 11110010 
0110111 
w I 
8+8n 
8+8n' 


ONTROl TRANSFER 


CAll 
~ Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 
19 


Register/memory 
I 
11111111 
I modOl0 
rim I 
13/19 
17/27 
'ndirect wtthin segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 
31 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I mod011 
rIm I 
(mod'" 
11) 
38 
54 


MP = Unconditional jump: 


hert/long 
I 
11101011 
I 
disp-Iow 
I 
14 
14 


Direct within s8gment 
I 
11101001 
I 
disp,low 
I 
disp-high ] 
14 
14 


Register I memory 
I 
11111111 
I mod 1 00 
rim I 
11/17 
11/21 
ndirect within segment 


Direct intersegment 
I 11101010 
I 
segment offset 
I 
14 
14 


I 
segment selector 
] 


Indirect intersegment 
I 
11111111 
I mod 1 0 1 rIm I 
(mod'" 
11) 
26 
34 


Shaded 
areas 
indicate 
instructions 
not available 
in BOB6/BOBB 
microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


8OCl86EA 
Clock 
Cyctes 


8OC188EA 
Clock 
Commen" 


Cycles 


11000011 
16 
20 


11000010 
data-low 
data-hi9~ 
18 
22 


11001011 
22 
30 


11001010 
data-low 
data-hilU 
25 
33 


01110100 
disp 
4/13 
4/13 
JMPnot 


taken/JMP 


LlJNGE = Jump on less/not greater or equal 
01111100 
disp 
4/13 
4/13 
taken 


LE/JNG 
= Jump on less or equal/not 
greater 
01111110 
disp 
4/)3 
4/13 


B/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 
4/13 • 


BE/JNA = Jump on below or equal/not above 
01110110 
disp 
4/13 
4/13 


P/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 
4/13 


01110000 
disp 
4/13 
4/13 


01111000 
disp 
4/13 
4/13 


01110101 
disp 
4/13 
4/13 


NL/JGE 
= Jump on not less/greater 
or equal 
01111101 
disp 
4/13 
4/13 


01111111 
disp 
4/13 
4/13 


01110011 
disp 
4/13 
4/13 


01110111 
disp 
4/13 
4/13 


01111011 
disp 
4/13 
4/13 


01110001 
disp 
4/13 
4/13 


01111001 
disp 
4/13 
4/13 


11100011 
disp 
5/15 
5/15 


11100010 
disp 
6/16 
6/16 
LOOP not 


OOPZ/LOOPE = Loop while zerp/ equal 
taken/LOO 
11100001 
disp 
6/16 
6/16 
taken 


OOPNZ/LOOPNE = Loop while not zero/equall 
11100000 
disp 
6/16 
6/16 


11001000 
data-low 
data-higl' 
L 


15 
19 


25 
29 
22+ 18(0-1) 26+20(n-l) 


11001001 
8 
8 


NT ~ Interrup1: 


ype specified 
11001101 
type 
47 
47 


ype3 
11001100 
45 
45 
45 
if INT. taken 


NTO = Interrupt on overflow 
11001110 


if INT. not 


48/4 
48/4 
taken 


RET = Interrupt return 
11001111 
28 
28 


UNO = Detect value out 01range 
101100010 
I modneg rim 
33-35 
33-35 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
For word operations. 
add 4 clock 
cycles 
for all memory 
transfers. 
I 


1P~~[LOIMlOOOb.\rn1W 
2-129 


intel~ 


8OC186EA 
8OCl88EA 


Function 
Format 
Clock 
Clock 
Commenta 


Cycl •• 
Cycles 


ROCESSOR CONTROL 


CLC = Clear carry 
I 
11111000 
2 
2 


CMC = Complement 
carry 
I 
11110101 
2 
2 


TC ~ Set carry 
11111001 
2 
2 


CLO = Clear direction 
11111100 
2 
2 


TO ~ Set direction 
11111101 
2 
2 


CLI = Clear interrupt 
11111010 
I 
2 
2 


TI = Set interrupt 
11111011 
2 
2 


HLT ~ Halt 
11110100 
2 
2 


WAIT = Wait 
10011011 
6 
6 
~TEST = 0 


OCK = Bus lock prefix 
11110000 
2 
2 


NOP ~ No Operation 
I 
10010000 
3 
3 


(TIT 
LLL are opcode to processor extension) 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


reg is assigned 
according 
to the following: 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
OS 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod 
11 then rim is treated as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits. disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


OISP follows 
2nd byte of instruction 
(before 
data if 


required) 


'except 
if mod = 00 and rim 


disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 


er appropriate. 


Segment Override Prefix 
I 0 
0 
1 
reg 
1 
0 I 


REG is assigned 
according 
to the following 
table: 


16-Blt (w = 1) 
8·Blt (w = 0) 


000 AX 
OOOAL 


001 CX 
001 CL 


010 OX 
0100L 


011 BX 
011 BL 


100 SP 
100 AH 


101 BP 
101 CH 


110 SI 
1100H 


111 01 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


• 
• 
• 
Intel 80C186EAl80L 186EA devices are marked with 
a 9-character alphanumeric Intel FPO number un- 
derneath the product number. This data sheet up- 
date is valid for devices with an "A", "B", "C", or 
"0" as the ninth character in the FPO number, as 
illustrated in Figure 5 for the 68-lead PLCC package, 
Figure 6 for the 84-lead QFP (EIAJ) package, and 
Figure 7 for the 80-lead SQFP device. Such devices 
-may also be identified by reading a value of 01H, 
02H, 03H from the STEPIO register. 


272019-002-80C186EA 
272020-002-80C188EA 
272021-002-80L 
186EA 
272022-002-80L 
188EA 


272307-001-SB80C186EAlSB80L 
186EA 


272308-001-SB80C188EAlSB80L 
188EA 


An 80C186EAl80L 186EA with a STEPIO value of 
01H or O:!Hhas the following known errata. A device 
with a STEPIO of 01H or 02H can be visually identi- 
fied by noting the presence of an "A", "B", or "C" 
alpha character, next to the FPO number. The FPO 
number location is shown in Figures 5, 6, and 7. 
1. An intl3rnal condition with the interrupt controller 


can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantiy, it is dependent on in- 
terrupt timing. 


An 80C1H6EAl80L 186EA with a STEPIO value of 
03H has no known errata. A device with a STEPIOof 
03H can be visually identified by noting the presence 
of a "0" alpha character next to the FPO number. 
The FPO number location is shown in Figures 5, 6, 
and 7. 
• 
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80C186EB/80C188EB 
AND 80L 186EB/80L 188EB 
16-BIT HIGH-INTEGRATION 
EMBEDDED PROCESSORS 
• 
Full Static Operation 
• 
True CMOS Inputs and Outputs 
• 
- 40°C to + 85°C Operating Temperature Range 


• 
Integrated 
Feature Set 
- 
Low-Power Static CPU Core 
- 
Two Independent 
UARTs each with 
an Integral Baud Rate Generator 
- 
Two 8-Bit Multiplexed 
I/O Ports 
- 
Programmable 
Interrupt Controller 
- 
Three Programmable 
16·Blt 
Timer/Counters 
- 
Clock Generator 
- 
Ten Programmable Chip Selects with 
Integral Walt-State Generator 
- 
Memory Refresh Control Unit 
- 
System Level Testing Support (ONCE 
Mode) 


• 
Direct Addressing 
Capability to 1 Mbyte 
Memory and 64 Kbyte I/O 


• 
Speed Versions Available (5V): 
- 
20 MHz (80C186EB20/80C188EB20) 
-13 
MHz (80C186EB13/80C188EB13) 


• 
Speed Versions Available (3V): 
-13 
MHz (80L186EB13/80L 188EB13) 
- 
8 MHz (80L 186EB8/80L 188EB8) 
• 
LOIN-Power Operating Modes: 
-Idle 
Mode Freezes CPU Clocks but 
keeps Peripherals Active 
- 
Powerdown 
Mode Freezes All 


Internal Clocks 
• 
Complete System Development 
Support 
- 
ASM86 Assembler, PL/M 86, C·86, 
and System Utilities 
-In-Circuit 
Emulator 
• 
Supports 80C187 Numeric Coprocessor 
Interface (80C186EB PLCC Only) 


• 
Available In: 
- 
80-Pin Quad Flat Pack (QFP) 
- 
84-Pin Plastic Leaded Chip Carrier 
(PLCC) 
-lJO-Pln 
Shrink Quad Flat Pack (SQFP) 


The 80C186EB 
is a second 
generation 
CHMOS 
High-Integration 
microprocessor. 
It has features 
that are new 
to the 80C186 family and include a STATIC CPU core, an enhanced 
Chip Select decode 
unit, two independent 


Serial Channels, 
I/O ports, and the capability 
of Idle or Powerdown 
low power 
modes. 


80C186EB/80C188EB 
and 80L 186EB/80L 188EB 


16-Bit High-Integration 
Embedded Processors 
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HLDA 


HOLD 


LOCK 


DT/ji 
•. 
- - -- 


DEN 


READY 


ViR 
Ro 


(RFSH) 
BHE 


ALE 


S2:0 


A19/0NCE 


(A18:8) 
A18:16 


(N.C.) 
ERROR· 
- - - - •• 


(N.C.) 
PEREQ 
• - - - - 


(N.C.) 
NCS 
•. 
- - -- 


(TEST) 
TEST/BUSY_ 
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Pl.7 
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Pl.6/GCS6 


Pl.S/GCSS 


P l.4/GCS4 


P1.3/GCS3 


Pl.2/GCS2 


Pl.l/GCSl 


Pl.O!GCSO 


LCS 


UCS 


.--.. 


NOT PRESENT 
ON QFP PACKAGE 
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T1IN 


TOOUT 


TOIN 


.., 


=>~ 
u 
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"5 
~ 
co 
:E 
c 
~ i 
~ 
co 


.., 


INT4 
=>e 
INT3/INTA 
1 
C 
0 
INTl 
u 


"- 


INT2/INTAO 


~ 
INTO 


CTSO 
~ 
] 
TXDO 
c 
c 
0 
i! 
RXDO 
:;; 
8 
u 
P2.S/BCLKO 
.., 
::J~ 
P2.0/RXDl 
E c 
g=> 
P2.1/TXDl 
U 
C 
;; 
P2.2/BCLK 
1 
'C 
~ 
~ 
0 
P2.3/SINTl 
VI 
~ 
u 
P2.4!Cffi 


P2.6 


P2.7 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L188EB 
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Unless specifically 
noted, all references to the 
80C186EB apply to the 80C188EB, 80L186EB, and 
80L188EB. References to pins that differ between 
the 
80C186EB/80L 186EB and 
the 
80C188EB/ 
80L188EB are given in parentheses. The "L" in the 
part number denotes low voltage operation. Physi- 
cally and functionally, the "C" and "L" devices are 
identical. 


The 80C186EB is the first product in a new genera- 
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C186EB 
is object 
code compatible with the 80C186XL/ 
80C188XL microprocessors. 


The 80L186EB is the 3V version of the 80C186EB. 
The 
80L186EB 
is 
functionally 
identical 
to 
the 
80C186EB 
embedded 
processor. 
Current 
80C186EB users can easily upgrade their designs to 
use the 80L186EB and benefit from the reduced 
power consumption inherent in 3V operation. 


The feature set of the 80C186EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals as well as 
low voltage operation. Minimum current consump- 
tion is achieved by providing a Powerdown mode 
that halts operation of the device, and freezes the 
clock circuits. Peripheral design enhancements en- 
sure that non-initialized peripherals consume little 
current. 


Space critical applications benefit from the inte- 
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth- 
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri- 
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim- 
er/counters and sixteen multiplexed I/O port pins 
round out the feature set of the 80C186EB. 


Figure 1 shows a block diagram of the 80C186EB/ 
80C188EB. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in- 
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
b~ndwidth. ten new instruction, and fully static oper- 
ation. The Bus Interface Unit (BIU) is the same as 
that found on the original 186 family products, ex- 


cept the queue status mode has been deleted and 
buffer interface control has been changed to ease 
system clesign timings. An independent internal bus 
is used to allow communication between the BIU 
and internal peripherals. 


The 80C186EB core incorporates a bus controller 
that gene'rates local bus control signals. In addition, 
it employ!>a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus ,:ontroller is responsible for generating 20 
bits of acldress, read and write strobes, bus cycle 
status information, and data (for write operations) in- 
formation. It is also responsible for reading data off 
the local JUS during a read operation. A READY in- 
put pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 


The local bus controlle...!:. 
also generates two control 


signals (DEN and DT/R) when interfacing to exter- 
nal transc:eiver chips. (Both DEN and DT/R are 
available 'In the PLCC devices, only DEN is avail- 
able on the QFP and SQFP devices.) This capability 
allows the addition of transceivers for simple buffer- 
ing of the multiplexed address/ data bus. 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two 
counter, 
and 
two 
low-power 
operating 


modes. 


The oscillator circuit is designed to be used with ei- 
ther a parullel 
resonant 
fundamental or third-over- 


tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 


The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the interna divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC timings are referenced to 
CLKOUT. 


NOTE: 
The 
L1C1 network 
is only 
required 
when 
using a third- 


overtone 
crystal. 
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IEEX~\e:r:na~I~C~la~Ck~s~a~u~rc~e>----1CLKIN 


The following parameters are recommended when 
choosing a crystal: 


Temperature Range: 
Application Specific 


ESR (Equivalent Series Resistance): 
40n max 


CO(Shunt Capacitance of Crystal): 
7.0 pF max 


CL (Load Capacitance): 
20 pF ± 2 pF 


Drive Level: 
1 mW max 


80C186EB 
PERIPHERAL 
ARCHITECTURE 


The 80C186EB has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 


The list of integrated peripherals includes: 
• 7-lnput Interrupt Control Unit 
• 3-Channel Timer/Counter Unit 
• 2-Channel Serial Communications Unit 
• 10-0utput Chip-Select Unit 
• I/O Port Unit 


• Refresh Control Unit 
• Power Management Unit 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 Byte address boundary. 


Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary at the end 
of this specification individually lists all of the regis- 
ters and identifies each of their programming attri- 
butes. 


The 80C186EB can receive interrupts from a num- 
ber of sources, both internal and external. The inter- 
rupt control unit.serves to merge these requests on 
a priority basis, for individual service by the CPU. 
Each i terrupt source can be independently masked 
by the Interrupt Coritrol Unit (ICU) or all interrupts 
can be globally masked by the CPU. 


Internal interrupt sources include the Timers and Se- 
rial channel O.External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa- 
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 


The 80C186EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti- 
tive waveforms, generate timed interrupts. etc. 


~ffset 
•._.._.._.. 


OOH 
Reserved 


02H 
End Of Interrupt 


04H 
Poll 


06H 
Poll Status 


08H 
Interrupt Mask 


OAH 
Priority Mask 


OCH 
In-Service 


OEH 
Interrupt Request 


10H 
Interrupt Status 


12H 
Timer Control 


14H 
Serial Control 


16H 
INT4 Control 


18H 
INTOControl 


1AH 
INT1 Control 


1CH 
INT2 Control 


1EH 
INT3 Control 


20H 
Reserved 


22H 
Reserved 


24H 
Reserved 


26H 
Reserved 


28H 
Reserved 


2AH 
Reserved 


2CH 
Reserved 


2EH 
Reserved 


30H 
TimerO Count 


32H 
TimerO Compare A 


34H 
TimerO Compare B 


36H 
TimerO Control 


38H 
Timer1 Count 


3AH 
Timer1 Compare A 


3CH 
Timer1 Compare B 


3EH 
Timer1 Control 


Offset 
rUlu",UUII 


40H 
Timer2 Count 


42H 
Timer2 Compare 


44H 
Reserved 


46H 
Timer2 Control 


48H 
Reserved 


4AH 
Reserved 


4CH 
Reserved 


4EH 
Reserved 


50H 
Reserved 


52H 
PortO Pin 


54H 
PortO Control 


56H 
PortO Latch 


58H 
Port1 Direction 


5AH 
Port1 Pin 


5CH 
Port1 Control 


5EH 
Port1 Latch 


60H 
SerialO Baud 


62H 
SerialO Count 


64H 
SerialO Control 


66H 
SerialO Status 


68H 
SerialO RBUF 


6AH 
SerialO TBUF 


6CH 
Reserved 


6EH 
Reserved 


70H 
Serial1 Baud 


72H 
Serial1 Count 


74H 
Serial1 Control 


76H 
Serial1 Status 


78H 
Serial1 RBUF 


7AH 
Serial1 TBUF 


7CH 
Reserved 


7EH 
Reserved 


Offset 
t"unctlon 


80H 
GCSO Start 


82H 
GCSOStop 


84H 
GCS1 Start 


86H 
GCS1 Stop 


88H 
GCS2 Start 


8AH 
GCS2 Stop 


8CH 
GCS3 Start 


8EH 
GCS3Stop 


90H 
GCS4Start 


92H 
GCS4 Stop 


94H 
GCS5 Start 


96H 
GCS5 Stop 


98H 
GCS6Start 


9AH 
GCS6 Stop 


9CH 
GCS7 Start 


9EH 
GCS7 Stop 


AOH 
LCSStart 


A2H 
LCSStop 


A4H 
UCS Start 


A6H 
UCSStop 


A8H 
Relocation 


AAH 
Reserved 


ACH 
Reserved 


AEH 
Reserved 


BOH 
Refresh Base 


B2H 
Refresh Time 


B4H 
Refresh Control 


B6H 
RefreSh Address 


B8H 
Power Control 


BAH 
Reserved 


BCH 
Step ID 


BEH 
Reserved 


-- 
Function 
Offset 


COH 
Reserved 


C2H 
Reserved 


C4H 
Reserved 


C6H 
Reserved 


C8H 
Reserved 


CAH 
Reserved 


CCH 
Reserved 


CEH 
Reserved 


DOH 
Reserved 


D2H 
Reserved 


D4H 
Reserved 


D6H 
Reserved 


D8H 
Reserved 


DAH 
Reserved 


DCH 
Reserved 


DEH 
Reserved 


EOH 
Reserved 


E2H 
Reserved 


E4H 
Reserved 


E6H 
Reserved 


E8H 
Reserved 


EAH 
Reserved 


ECH 
Reserved 


EEH 
Reserved 


FOH 
Reserved 


F2H 
Reserved 


F4H 
Reserved 


F6H 
Reserved 


F8H 
Reserved 


FAH 
Reserved 


FCH 
Reserved 


FEH 
Reserved 


The Serial Control Unit (SCU) of the 80C186EB con- 
tains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
supported 
by the 
integrated 
interrupt 
controller 


(channel 1 has an external interrupt pin). Each 
channel has its own baud rate generator that is in- 
dependent of the Timer/Counter Unit, and can be 
internally or externally clocked at up to one half the 
80C186EB operating frequency. 


Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit register logic. A 1x 
baud clock is provided in the synchronous mode. 


Chip-Select 
Unit 


The 80C186EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip- 
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi- 
nate a bus cycle independent of the condition of the 
READY input pin. 


The I/O Port Unit (IPU) on the 80C186EB supports 
two 8-bit channels of input, output, or input! output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 


A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro- 
grammable to allow the refresh address block to be 
located on any 8 Kbyte boundary. 


Power Management 
Unit 


The 80C186EB Power Management Unit (PMU) is 
providEldto control the power consumption of the 
device. The PMU provides three power modes: Ac- 
tive, Idle, and Powerdown. 


Active 
Mode 
indicates 
that 
all 
units 
on 
the 


80C186EB are functional and the device consumes 
maxim m power (depending on the level of periph- 
eral operation). Idle Mode freezes the clocks of the 
Execution and Bus units at a logic zero state (all 
periphBrals continue to operate normally). 


The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided Vcc 
is maintained. Current consumption is reduced to 
just transistor junction leakage. 


80C187 Interface 
(80C186EB 
Only) 


The 80C186EB (PLCC package only) supports the 
direct connection of the 80C187 Numerics Coproc- 
essor. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EB has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the A19/0NCE 
pin LOW (O) during a processor reset (this pin is 
weakly held to a HIGH (1) level) while RESIN is ac- 
tive. 
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This section describes the pins, pinouts, and thermal 
characteristics 
for the 80C186EB in the Plastic 


Leaded Chip Carrier (PLCq package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack- 
age. For complete package specifications and infor- 
mation, see the Intel Packaging Outlines and Dimen- 
sions Guide (Order Number: 231369). 


With the extended temperature range, operational 
characteristics are guaranteed over the temperature 
range corresponding to - 40·C to + 85·C ambient. 
Package types are identified by a two-letter prefix to 
the part number. The prefixes are listed in Table 1. 


Prefix 
Package 
Temperature 
Type 
Type 


TN 
PLCC 
Extended 


TS 
QFP 
Extended 


SB 
SQFP 
Extended 


Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 


The Pin Name column contains a mnemonic that 
descrit?es the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 


The Pin 'rype column contains two kinds of informa- 
tion. The first symbol indicates whether a pin is pow- 
er (P), gl'Ound(G), input only (I), output only (0) or 
inputloulput 
(1/0). 
Some pins have multiplexed 


functions (for example, A19/56). 
Additional symbols 


indicate udditional characteristics for each pin. Table 
2 lists all the possible symbols for this column. 


The Inp~lt Type column indicates the type of input 
(Asynchr.:>nousor Synchronous). 


Asynchronous pins require that setup and hold times 
be met cnly in order to guarantee recognition 
at a 


particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. 
For example, missing the setup or hold 


time for the SRDY pin (a synchronous input) will re- 
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character- 
istics for Input pins are S(E), S(L), A(E) and A(L). 


The Outl)ut States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi- 
ty of the- processor. There are four operational 
states that are different from regular operation: bus 
hold, resElt, Idle Mode and Powerdown Mode. Ap- 
propriate characteristics for these states are also in- 
dicated in this column, with the legend for all possi- 
ble charal~teristicsin Table 2. 


The Pin Description column contains a text de- 
scription (If each pin. 


As an exumple, consider AD15:0. 1/0 signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies tl1at, as outputs, the pins are high-imped- 
ance upon acknowledgement of bus hold. R(Z) sig- 
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 


Symbol 
Description 


P 
Power Pin (Apply + Vcc Voltage) 
G 
Ground (Connect 
to Vss) 
I 
Input Only Pin 
0 
Output Only Pin 
I/O 
Input/Output 
Pin 


S(E) 
Synchronous, 
Edge Sensitive 
S(L) 
Synchronous, 
Level Sensitive 
A(E) 
Asynchronous, 
Edge Sensitive 
A(L) 
Asynchronous, 
Level Sensitive 


H(1) 
Output Driven to Vcc during Bus Hold 
H(O) 
Output Driven to Vss during Bus Hold 
H(Z) 
Output Floats during Bus Hold 
H(o) 
Output Remains Active during Bus Hold 
H(X) 
Output Retains Current State during Bus Hold 


R(WH) 
Output Weakly Held at Vcc during Reset 
R(1) 
Output Driven to Vcc during Reset 
R(O) 
Output Driven to Vss during Reset 
R(Z) 
Output Floats during Reset 
R(o) 
Output Remains Active during Reset 
R(X) 
Output Retains Current State during Reset 


1(1) 
Output Driven to Vcc during Idle Mode 
1(0) 
Output Driven to Vss during Idle Mode 
I(Z) 
Output Floats during Idle Mode 
1(0) 
Output Remains Active during Idle Mode 
I(X) 
Output Retains Current State during Idle Mode 


P(1) 
Output Driven to Vcc during Powerdown 
Mode 
P(O) 
Output Driven to Vss during Powerdown 
Mode 
P(Z) 
Output Floats during Powerdown 
Mode 
P(O) 
Output Remains Active during Powerdown 
Mode 
P(X) 
Output Retains Current State during Powerdown 
Mode 
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Pin 
Pin 
Input 
Output 
, 


Name 
Type 
Type 
States 
Description 


Vcc 
P 
- 
- 
POWER connections 
consist of four pins which must be 
shorted 
externally 
to a Vcc board plane. 


VSS 
G 
- 
- 
GROUND 
connections 
consist of six pins which must be 
shorted 
externally 
to a Vss board plane. 


ClKIN 
I 
A(E) 
- 
CLocK 
INput is an input for an external clock. An external 
oscillator 
operating 
at two times the required processor 


operating 
frequency 
can be connected 
to ClKIN. 
For crystal 


operation, 
ClKIN 
(along with OSCOUT) 
are the crystal 
connections 
to an internal 
Pierce oscillator. 


OSCOUT 
0 
- 
H(Q) 
OSCillator 
OUTput 
is only used when using a crystal to 


R(Q) 
generate 
the external clock. OSCOUT 
(along with ClKIN) 


P(Q) 
are the crystal connoctions 
to an internal 
Pierce oscillator. 


This pin is not to be used as 2X clock output for non-crystal 
applications 
(Le., this pin is N.C. for non-crystal 
applications). 


OSCOUT does not float in ONCE mode. 


ClKOUT 
0 
- 
H(Q) 
ClocK 
OUTput 
provides 
a timing reference 
for inputs and 


R(Q) 
outputs of the processor, 
and is one-half 
the input clock 


P(Q) 
(ClKIN) 
frequency. 
ClKOUT 
has a 50% duty cycle and 


transistions 
every fal ing edge of ClKIN. 


RESIN 
I 
A(l) 
- 
RESet IN causes the processor 
to immediately 
terminate 
any bus cycle in progress 
and assume an initialized 
state. All 
pins will be driven to a known state, and RESOUT will also 
be driven active. The rising edge (Iow-to-high) 
transition 


synchronizes 
ClKO~ 
T with ClKIN 
before the processor 


begins fetching 
opcoljes 
at memory location 
OFFFFOH. 


RESOUT 
0 
- 
H(O) 
RESet OUTput 
that i 1dicates the processor 
is currently 
in 
R(1) 
the reset state. RESOUT will remain active as long as RESIN 


P(O) 
remains active. 


PDTMR 
1/0 
A(l) 
H(WH) 
Power-Down 
TiMeR 
pin (normally 
connected 
to an external 


R(Z) 
capacitor) 
that determines 
the amount of time the processor 


P(1) 
waits after an exit from power down before resuming 
normal 


operation. 
The duration 
of time required will depend on the 
startup characteristics 
of the crystal oscillator. 


NMI 
I 
A(E) 
- 
Non-Maskable 
Interrupt 
input causes a TYPE-2 interrupt 
to 
be serviced 
by the CPU. NMI is latched internally. 


TEST/BUSY 
I 
A(E) 
- 
TEST is used during the execution 
of the WAIT instruction 
to 


(TEST) 
suspend 
CPU operation 
until the pin is sampled 
active 


(lOW). 
TEST is alternately 
known as BUSY when interfacing 
with an 80C187 numerics 
coprocessor 
(80C186EB 
only). 


AD15:0 
I/O 
S(l) 
H(Z) 
These pins provide a multiplexed 
Address 
and Data bus. 


(AD7:0) 
R(Z) 
During the address phase of the bus cycle, address 
bits 0 


P(X) 
through 
15 (0 through 
7 on the 80C188EB) 
are presented 
on 
the bus and can be latl;hed using ALE. 8- or 16-bit data 
information 
is transferred 
during the data phase of the bus 
cycle. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


A18:16 
1/0 
A(L) 
H(Z) 
These pins provide 
multiplexed 
Address 
during the address 
A19/0NCE 
R(WH) 
phase of the bus cycle. Address 
bits 16 through 
19 are presented 


(A15:A8) 
P(X) 
on these pins and can be latched using ALE. These pins are 


(A18:16) 
driven to a logic 0 during the data phase of the bus cycle. On the 


(A19/0NCE) 
80C188EB, 
A 15-A8 
provide valid address 
information 
for the 


entire bus cycle. During a processor 
reset (RESIN active), A 191 


ONCE is used to enable ONCE mode. A 18: 16 must not be driven 
low during reset or improper 
operation 
may result. 


S2:0 
0 
- 
H(Z) 
Bus cycle Status am encoded 
on these pins to provide bus 


R(Z) 
transaction 
information. 
S2:0 are encoded 
as follows: 


P(1) 
S2 
51 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read 1/0 
0 
1 
0 
Write 1/0 
0 
1 
1 
Processor 
HAL T 
1 
0 
0 
Queue Instruction 
Fetch 
1 
0 
1 
Read Memory 
1 
1 
0 
Write Memory 
1 
1 
1 
Passive (no bus activity) 


ALE 
0 
- 
H(O) 
Address 
Latch Enable output is used to strobe address 


R(O) 
information 
into a transparent 
type latch during the address 
phase 


P(O) 
of the bus cycle. 


BHE 
0 
- 
H(Z) 
Byte High Enable 0 tput to indicate that the bus cycle in 
(RFSH) 
R(Z) 
E!29.ress is transferring 
data over the upper half of the data bus. 


P(X) 
BHE and AO have the following 
logical encoding 


AO 
BHE 
Enc10dlng (for the 80C186EB/80L 
186EB only) 


0 
0 
Word Transfer 
0 
1 
Even Byte Transfer 
1 
0 
Odd Byte Transfer 
1 
1 
Refresh Operation 


On the 80C188EB/80L 
188EB, RFSH is asserted 
low to indicate 
a 


refresh bus cycle. 


RD 
0 
- 
H(Z) 
ReaD output signals that the accessed 
memory or 1/0 device 


R(Z) 
must drive data information 
onto the data bus. 


P(1) 


WR 
0 
- 
H(Z) 
WRite output signals that data available 
on the data bus are to be 


R(Z) 
written into the accessed 
memory or 1/0 device. 


P(1) 


READY 
I 
A(L) 
- 
READY input to signal the completion 
of a bus cycle. READY 


S(L) 
must be active to terminate 
any bus cycle, unless it is ignored by 


correctly 
programming 
the Chip-Select 
Unit. 


DEN 
0 
- 
H(Z) 
Data ENable output to control 
the enable of bi-directional 


R(Z) 
transceiver's 
in a buffered 
system. 
DEN is active only when data is 


P(1)' 
to be transferred 
on the bus. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


DT/R 
0 
- 
H(Z) 
Data Transmit/Beceive 
output controls 
the cJirection of a 


R(Z) 
bi-directional 
butier in a buffered 
system. 
DT /R is only 


P(X) 
available 
for the PLCC package. 


LOCK 
0 
- 
H(Z) 
LOCK output indicates 
that the bus cycle in progress 
is not 


R(WH) 
to be interrupted. 
The processor 
will not service other bus 


P(1) 
requests 
(such a:, HOLD) while LOCK is active. This pin is 


configured 
as a weakly held high input while RESIN is 
active and must not be driven low. 


HOLD 
I 
A(L) 
- 
HOLD request in:lUt to signal that an external 
bus master 


wishes to gain control 
of the local bus. The processor 
will 


relinquish 
control 
of the local bus between 
instruction 


boundaries 
not conditioned 
by a LOCK prefix. 


HLDA 
0 
- 
H(1) 
HoLD Acknowledge 
output to indicate that the processor 


R(O) 
has relinquished 
control 
of the local bus. When HLDA is 


P(O) 
asserted, 
the pro,~essor will (or has) floated 
its data bus 


and control 
signals allowing 
another 
bus master to drive the 


signals directly. 


NCS 
0 
- 
H(1) 
Numerics 
CoprQcessor 
Select output is generated 
when 
(N.C.) 
R(1) 
accessing 
a num,~rics coprocessor. 
NCS is not provided 
on 


P(1) 
the OFP or SOFP packages. 
This signal does not exist on 


the 80C188EB/80L 
188EB. 


ERROR 
I 
A(L) 
- 
ERROR input that indicates 
the last numerics 
coprocessor 
(N.C.) 
operation 
resulted 
in an exception 
condition. 
An interrupt 


TYPE 16 is generated 
if ERROR is sampled 
active at the 


beginning 
of a numerics 
operation. 
ERROR is not provided 


on the OFP or SOFP packages. 
This signal does not exist 


on the 80C188EB/80L188EB. 


PEREO 
I 
A(L) 
- 
CoProcessor 
RE.Quest signals that a data transfer 
(N.C.) 
between 
an External 
Numerics 
Coprocessor 
and Memory 
is 


pending. 
PEREO is not provided 
on the OFP or SOFP 
packages. 
This si!~nal does not exist on the 80C188EB/ 


80L188EB. 


UCS 
0 
- 
H(1) 
Upper Chip Selel:t will go active whenever 
the address of 


R(1) 
a memory or I/O bus cycle is within the address 
limitations 


P(1) 
programmed 
by the user. After reset, UCS is configured 
to 


be active for memory accesses 
between 
OFFCOOH and 
OFFFFFH. 


LCS 
0 
- 
H(1) 
Lower Chip Sele,:t will go active whenever 
the address of 


R(1) 
a memory bus cye Ie is within the address 
limitations 


P(1) 
programmed 
by the user. LCS is inactive after a reset. 


P1.0/GCSO 
0 
- 
H(X)/H(1) 
These pins provid9 a multiplexed 
function. 
If enabled, 
each 
P1.1/GCS1 
R(1) 
pin can provide a 13enerlc Chip Select output which will go 


P1.2/GCS2 
P(X)/P(1) 
active whenever 
tl,e address of a memory or I/O bus cycle 


P1.3/GCS3 
is within the address 
limitations 
programmed 
by the user. 


P1.4/GCS4 
When not programmed 
as a Chip-Select, 
each pin may be 


P1.5/GCS5 
used as a general purpose output Port. As an output port 


P1.6/GCS6 
pin, the value of tre pin can be read internally. 


P1.7/GCS7 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


intel~ 


Pin 
Pin 
Input 
Output 
Description 
Name 
Type 
Type 
States 


TOOUT 
0 
- 
H(Q) 
Timer OUTput 
pins can be programmed 
to provide a 


T10UT 
R(1) 
single clock or continuous 
waveform 
generation, 


P(Q) 
depending 
on the timer mode selected. 


TOIN 
I 
A(L) 
- 
Timer iNput is used either as clock or control 
signals, 
T11N 
A(E) 
depending 
on the timer mode selected. 


INTO 
I 
A(E,L) 
- 
Maskable 
INTerrupt 
input will cause a vector to a 


INT1 
specific Type interrupt 
routine. To allow interrupt 


INT4 
expansion, 
INTO and/or 
INT1 can be used with 


INT AO and INTA 1 to interface 
with an external 
slave 


controller. 


INT2/INTAO 
I/O 
A(E,L) 
H(1) 
These pins provide a multiplexed 
function. 
As inputs, 
INT3/INTA1 
R(Z) 
they provide a maskable 
INTerrupt 
that will cause 


P(1) 
the CPU to vector to a specific 
Type interrupt 
routine. 


As outputs, each is programmatically 
controlled 
to 


provide an INTERRUPT 
ACKNOWLEDGE 


handshake 
signal to allow interrupt 
expansion. 


P2.7 
I/O 
A(L) 
H(X) 
BI-DIRECTIONAL, 
open-drain 
Port pins. 


P2.6 
R(Z) 
PIX) 


CTSO 
I 
A(L) 
- 
Clear-To-Send 
input is used to prevent the 


P2.4/CTS1 
transmission 
of serial data on their respective 
TXD 


signal pin. CTS1 is multiplexed 
with an input only port 


function. 


TXDO 
0 
- 
H(X)/H(Q) 
Transmit 
Data output provides 
serial data 


P2.1/TXD1 
R(1) 
information. 
TXD1 is multiplexed 
with an output only 


P(X)/P(Q) 
Port function. 
During synchronous 
serial 


communications, 
TXD will function 
as a clock output. 


RXDO 
I/O 
A(L) 
R(Z) 
Receive 
Data input accepts 
serial data information. 


P2.0/RXD1 
H(Q) 
RXD1 is multiplexed 
with an input only Port function. 


PIX) 
During sync:hronous 
serial communications, 
RXD is 


bi-directional 
and will become 
an output for 


transmission 
or data (TXD becomes 
the clock). 


P2.5/BCLKO 
I 
A(L)/A(E) 
- 
Baud CLocK input can be used as an alternate 
clock 


P2.2/BCLK1 
source for each of the integrated 
serial channels. 


BCLKx is multiplexed 
with an input only Port function, 


and cannot exceed a clock rate greater than one-half 
the operating 
frequency 
of the processor. 


P2.3/SINT1 
0 
- 
H(X)/H(Q) 
Serial 
INTerrupt 
output will go active to indicate 


R(O) 
serial channel 
1 requires service. SINT1 is 


P(X)/P(Q) 
multiplexed 
with an output only Port function. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80l188EB. 


Tables 
4 and 
5 list the 
80C186EB/80C188EB 
pin 
names 
with package 
location 
for the 84-pin 
Plastic 
Leaded 
Chip 
Carrier 
(PLCC) 
component. 
Figure 
5 
depicts 
the complete 
80C186EB/80C188EB 
pinout 


(PLCC package) 
as viewed 
from the top side of the 


component 
(Le., contacts 
facing down). 


Address/Data 
Bus 


Name 
Location 


ADO 
61 
AD1 
66 


AD2 
68 


AD3 
70 


AD4 
72 
AD5 
74 


AD6 
76 
AD7 
78 


AD8 (A8) 
62 


AD9 (A9) 
67 
AD10 (A10) 
69 
AD11 (A11) 
71 
AD12 (A12) 
73 


AD13 (A13) 
75 


AD14 (A14) 
77 


AD15 (A15) 
79 
A16 
80 
A17 
81 


A18 
82 


A19/0NCE 
83 


Tables 
() and 
7 list the 
80C186EB/80C188EB 
pin 


names 
with 
package 
location 
for the 
80-pin 
Quad 


Flat 
Pack 
(QFP) 
component. 
Figure 
6 depicts 
the 


complete 
80C186EB/80C188EB 
(QFP package) 
as 


viewed f'om the top side of the component 
(Le., con- 


tacts facing down). 


Tables 
a 
and 
9 
list 
the 
80186EB/80188EB 
pin 


names 
vlith package 
location 
for the 80-pin 
Shrink 
. 


Quad Flat Pack (SQFP) component. 
Figure 7 depicts 


the 
complete 
80C186EB/80C188EB 
(SQFP 
pack- 


age) as viewed 
from the top side of the component 


(Le., contacts 
facing down). 


Table 
4. PLCC Pin Names 
with 
Paclcage 
Location 


Bus Control 


Name 
Location 


ALE 
6 
BHE (RFSH) 
7 


SO 
10 
S1 
9 
S2 
8 


RD 
4 
WR 
5 


READY 
18 


DEN 
11 
DT/R 
16 


LOCK 
15 


HOLD 
13 
HLDA 
12 


Power 


Name 
Location 


Vss 
2,22,43 
63,65,84 
Vcc 
1,23 
42,64 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 


Procellsor 
Control 


NamE! 
Location 


RESIN 
37 
RESOUT 
38 


CLKIN 
41 
OSCOUT 
40 
CLKOUT 
44 


TEST/BUSY 
14 


NCS(N.C.) 
60 
PEREQ (N.C.) 
39 
ERROR (rl.c.) 
3 


PDTMR 
36 


NMI 
17 
INTO 
31 
INT1 
32 
INT2/INTJW 
33 
INT3/1NTA1 
34 
INT4 
35 


I/O 


Name 
Location 


UCS 
30 


LCS 
29 


P1.0/GCSO 
28 


P1.1/GCS1 
27 


P1.2/GCS2 
26 


P1.3/GCS3 
25 


P1.4/GCS4 
24 


P1.5/GCS5 
21 


P1.6/GCS6 
20 


P1.7/GCS7 
19 


TOOUT 
45 


TOIN 
46 


T10UT 
47 


T11N 
48 


RXDO 
53 


TXDO 
52 


P2.5/BCLKO 
54 


CTSO 
51 


P2.0/RXD1 
57 


P2.1/TXD1 
58 


P2.2/BCLK1 
59 


P2.3/SINT1 
55 


P2.4/CTS1 
56 


P2.6 
50 


P2.7 
49 


•• 


Location 
Name 


1 
VCC 


2 
VSS 
3 
ERROR (N.C.) 
4 
RD 
5 
WR 
6 
ALE 
7 
BHE (RFSH) 
8 
S2 
9 
Sf 


10 
SO 


11 
DEN 


12 
HLDA 
13 
HOLD 


14 
TEST/BUSY 
15 
LOCK 
16 
DT/R 


17 
NMI 
18 
READY 
19 
P1.7/GCS? 
20 
P1.6/GCS6 
21 
P1.5/GCS5 


Location 
Name 


22 
VSS 
23 
VCC 
24 
P1.4/GCS4 
25 
P1.3/GCS3 
26 
P1.2/GCS2 
27 
P1.1/GCS1 
28 
P1.0/GCSO 
29 
LCS 
30 
UCS 
31 
INTO 
32 
INT1 
33 
INT2/INTAO 
34 
INT3/INTA1 
35 
INT4 
36 
PDTMR 
37 
RESIN 
38 
RESOUT 
39 
PEREa (N.C.) 
40 
OSCOUT 
41 
CLKIN 
42 
VCC 


Location 
Name 


43 
VSS 
44 
CLKOUT 
45 
TOOUT 
46 
TOIN 
47 
TlOUT 
48 
T11N 
49 
P2.7 
50 
P2.6 
51 
CfSO 
52 
TXDO 
53 
RXDO 
54 
P2.5/BCLKO 
55 
P2.3/SINT1 
56 
P2.4/CTS1 
57 
P2.0/RXD1 
58 
P2.1/TXD1 
59 
P2.2/BCLK1 
60 
NCS(N.C.) 
61 
ADO 
62 
AD8 (A8) 
63 
VSS 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L188EB. 


Location 
Name 


. 64 
VCC 


65 
VSS 


66 
AD1 
67 
AD9(A9) 


68 
AD2 


69 
AD10 (A10) 


70 
AD3 


71 
AD11 (A11) 


72 
AD4 


73 
AD12 (A12) 


74 
AD5 


75 
AD13 (A13) 


76 
AD6 


77 
AD14 (A14) 


78 
AD7 


79 
AD15 (A15) 


80 
A16 


81 
A17 


82 
A18 


83 
A19/00CE 


84 
VSS 


••••••• I 
ft15~ftlll!l.~n I~~,.. 
..fte.ron 
I:§, 
I~ 
'- 
"'.., 
l~ 
I~ 
w 
V> 
u 
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<0 " '" c " c 
'" 
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...J I~ I~ 
V> >u 
V> 
- 
:< 
:< :< 
c 
c 
< 
> 
> 
< 
< 
< 
< 
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HLDA 


HOLD 


TEST!BUSY 


LOCK 


DT!R 


NMI 


READY 


P1. 7!GCS7 


P1.6!GCS6 


P l.S!GCSS 


VSS 


VCC 


P 1.4!GCS4 


P1.3!GCS3 


P1.2!GCS2 


P1.I!GCS1 


P1.0!GCSO 


LCS 


UCS 


INTO 


INTI 


e,nl 
••ft~ron 
Iftftl 
.•ftftr'n 


'"c< 


ADS 


AD12 
(AI2) 


AD4 


AD11 
(All) 


AD3 


AD10 
(AIO) 


AD2 


AD9 
(A9) 


AD1 • 


VSS 


VCC 


VSS 


ADB (AB) 


ADO 


NCS 


P2.2!BCLK 
1 


P2. I!TXD 
I 


P2.0!RXD1 


P2.4!CTS 
I 


P2.3!SINT1 


P2.S!BCLKO 


I~I~ 


.., 
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NOTE: 
This is the FPO number 
location 
(indicated 
by X's). 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


Address/Data 
Bus 


Name 
Location 


ADO 
10 


AD1 
15 


AD2 
17 


AD3 
19 


AD4 
21 


AD5 
23 


AD6 
25 


AD7 
27 
AD8 (A8) 
11 


AD9 (A9) 
16 


AD10 (A10) 
18 


AD11 (A11) 
20 


AD12 (A12) 
22 
AD13 (A13) 
24 
AD14 (A14) 
26 


AD15 (A15) 
28 
A16 
29 


A17 
30 


A18 
31 


A19/0NCE 
32 


Bus Control 


Name 
Location 


ALE 
38 
BHE (RFSH) 
39 


SO 
42 
S1 
41 
S2 
40 


RD 
36 
WR 
37 
READY 
49 


DEN 
43 


LOCK 
47 


HOLD 
45 
HLDA 
44 


Power· 


Name 
Location 


Vss 
12,14,33 
35,53,73 
Vcc 
13,34 
54, 72 


Processor Control 


Name 
Location 


RESIN 
68 
RESOUT 
69 
CLKIN 
71 
OSCOUT 
70 
CLKOUT 
74 
TEST 
46 
PDTMR 
67 
NMI 
48 
INTO 
62 
INT1 
63 
INT2/INTAO 
64 
INT3/1NTA1 
65 
INT4 
66 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L 188EB. 


I/O 


Name 
Location 


UCS 
61 


LCS 
60 


P1.0/GCSO 
59 


P1.1/GCS1 
58 


P1.2/GCS2 
57 


P1.3/GCS3 
56 


P1.4/GCS4 
55 


P1.5/GCS5 
52 


P1.6/GCS6 
51 


P1.7/GCS7 
50 


TOOUT 
75 


TOIN 
76 


T10UT 
77 


T11N 
78 


RXDO 
3 


TXDO 
2 


P2.5/BCLKO 
4 


CTSO 
1 


P2.0/RXD1 
7 


P2.1/TXD1 
8 


P2.2/BCLK1 
9 


P2.3/SINT1 
5 


P2.4/CTS1 
6 


P2.6 
80 


P2.7 
79 


Location 
Name 


1 
CTSO 
2 
TXDO 
3 
RXDO 
4 
P2.5/BCLKO 
5 
P2.3/SINT1 
6 
P2.4/CTST 


7 
P2.0/RXD1 
8 
P2.1/TXD1 
9 
P2.2/BCLK1 
10 
ADO 
11 
AD8(A8) 


12 
VSS 
13 
Vcc 
14 
VSS 
15 
AD1 
16 
AD9(A9) 
17 
AD2 
18 
AD10 (A10) 
19 
AD3 
20 
AD11 (A11) 


Location 
Name 


21 
AD4 
22 
AD12 (A12) 
23 
AD5 
24 
AD13 (A13) 
25 
AD6 
26 
AD14 (A14) 
27 
AD7 
28 
AD15 (A15) 
29 
A16 
30 
A17 
31 
A18 
32 
A19/ONCE 
33 
VSS 
34 
VCC 
35 
Vss 
36 
RD 
37 
WR 
38 
ALE 
39 
BHE(RFSH) 
40 
52 
, 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L188EB. 


Locatlc," 
Name 


41 
Sf 
42 
SO 
43 
DEN 
44 
HLDA 
45 
HOLD 
46 
TEST 
47 
LOCK 
48 
NMI 
49 
READY 
50 
P1.7/GCS? 


51 
P1.6/~ 
52 
P1.5/GCS5 
53 
Vss 
54 
Vcc 
55 
P1.4/~ 


56 
P1.3/GCS3 
57 
P1.2/GCS2 
58 
P1.1/GCST 


59 
P1.0/~ 
60 
i£S 


Location 
Name 


61 
OCS 


62 
INTO 


63 
INn 


64 
INT2/INTAO 


65 
INT3/iNTA1 


66 
INT4 


67 
PDTMR 


68 
R'ESTN 


69 
RESOUT 


70 
OSCOUT 


71 
CLKIN 


72 
Vcc 


73 
Vss 


, 74 
CLKOUT 


75 
TOOUT 


76 
TOIN 


77 
T10UT 


78 
T11N 


79 
P2.7 


80 
P2.6 
fII 


INT3/INTA 
1 


INT4 


PDTt.tR 


RESIN 


RESOUT 


OSCOUT 


CLKIN 


VCC 


VSS 


CLKOUT 


TOOUT 


TOIN 


Tl0UT 


T1IN 


P2.7 


P2.6 


TS80C186EB20 


XXXXXXXXD 
(See 
Note) 
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NOTE: 
This is the FPO number 
location 
(indicated 
by X·s). 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


52 


SHE (RrSH) 


ALE 


ViR 


Ro 


Vss 


Vcc 


Vss 


A19/0NCE 


A18 


A17 


A16 


AD15 
(A15) 


AD7 


AD14 
(AU) 


AD6 


AD Bus 


ADO 
47 
AD1 
52 


AD2 
54 


AD3 
56 
AD4 
58 


AD5 
60 


AD6 
62 
AD7 
64 
AD8 (A8) 
48 
AD9 (A9) 
53 
AD10 (A10) 
55 
AD11 (A11) 
57 
AD12 (A12) 
59 


AD13 (A13) 
61 
AD14 (A14) 
63 
AD15 (A15) 
65 
A16 
66 
A17 
67 
A18 
68 
A19/0NCE 
69 


1 
HLDA 
2 
HOLD 
3 
TEST# 


4 
LOCK# 


5 
NMI 


(; 
READY 
7 
P1.7/GCS7# 


8 
P1.6/GCS6# 


9 
P1.5/GCS5# 


10 
VSS 
11 
VCC 


12 
P1.4/GCS4# 
13 
P1.3/GCS3# 


14 
P1.2/GCSU 


15 
PU/GCS1# 
16 
P1.0/GCSO# 
17 
LCS# 
18 
UCS# 
19 
INTO 
20 
INT1 


Bus Control 


ALE 
75 
BHE# 
(RFSH#) 
76 
SO# 
79 
S1# 
78 
S2# 
77 
RD# 
73 
WR# 
74 
READY 
6 
DEN# 
80 
LOCK# 
4 
HOLD 
2 
HLDA 
1 


Processor 
Control 


RESIN·1f 
25 
RESOUT 
26 
CLKIN 
28 
OSCOUT 
27 
CLKOUT 
31 
TEST#/BUSY 
3 
NMI 
5 
INTO 
19 
INT1 
20 
INT2/II'ITAO# 
21 
INT3/II'ITA1 
# 
22 
INT4 
23 
PDTMR 
24 


Power and Ground 


Vcc 
11 
Vcc 
29 
Vcc 
50 
Vcc 
71 
Vss 
10 
Vss 
30 
Vss 
49 
Vss 
51 
Vss 
70 
Vss 
72 


21 
INT1 /INT AO# 
22 
INT3/INT A 1 # 
23 
INT4 
24 
PDTMR 
25 
RESIN# 


26 
RESOUT 
27 
OSCOUT 
28 
CLKIN 
29 
Vcc 
30 
Vss 
31 
CLKOUT 
32 
TOOUT 
33 
TOIN 
34 
T10UT 
35 
T11N 
36 
P2.7 
37 
P2.6 
38 
CTSO# 
39 
TXDO 
40 
RXDO 


41 
P2.5/BCLKO 
42 
P~~.3/SINT1 
43 
P5.4/CTS1 
# 
44 
P"':.0/RXD1 


45 
P:i.1/TXD1 
46 
P:i.2/BCLK1 
47 
ADO 
48 
AD8(A8) 
49 
Vss 
50 
Vcc 
51 
Vss 
52 
AD1 
53 
AD9(A9) 
54 
AD2 
55 
AD10 (A10) 


56 
AD3 
57 
AC11 (A 11) 
58 
AD4 
59 
AD12 (A12) 
60 
AD5 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EB/80L 
188EB. 


I/O 


UCS# 
18 


LCS# 
17 


P1.0/GCSO# 
16 


P1.1/GCS1# 
15 


P1.2/GCS2# 
14 


P1.3/GCS3# 
13 


P1.4/GCS4# 
12 
P1.5/GCS5# 
9 
P1.6/GCS6# 
8 


P1.7/GCS7# 
7 


P2.0/RXD1 
44 


P2.1/TXD1 
45 


P2.2/BCLK1 
46 


P2.3/SINT1 
42 


P2.4/CTS1 
# 
43 


P2.5/BCLKO 
41 


P2.6 
37 


P2.7 
36 


CTSO# 
38 


TXDO 
39 


RXDO 
40 


TOIN 
33 
T11N 
35 


TOOUT 
32 


T10UT 
34 


61 
AD13 (A13) 


62 
AD6 


63 
AD14 (A14) 


64 
AD7 


65 
AD15 (A15) 


66 
A16 


67 
A17 


68 
A18 


69 
A19/0NCE 
70 
VSS 


71 
VCC 


72 
VSS 


73 
RD# 


74 
WR# 


75 
ALE 


76 
BHE# 
(RFSH#) 


77 
S2# 


78 
S1# 


79 
SO# 


80 
DEN# 
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P l.O/CCSO 


P2.2/BLCKl 
Pl.l/CCSl 


ADO 
Pl.2/CCS2 


(AS) 
ADS 
0 a 
Pl.3/CCS3 


X 


........... 


Vss 
N 
CI> 
Pl.4/GCS4 


ID X 
..., 


Vcc 
X 
0 
Vcc 
W 
X z 
Vss 
(0 X 
CI> 
Vss 


ADl 
00 X 
CI> 
Pl.5/CCS5 


(A9) 
AD9 
X 
Vl 
P1.6!GcS6 
U 
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X 
Pl.7 
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AD10 
-- 
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NOTE: 
XXXXXXXXC 
indicates 
Intel FPO number. 


Pin names 
in parentheses 
apply to the 80C188EB/80L188EB. 
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PACKAGE 
THERMAL 
SPECIFICATIONS 


The 80C186EB/80L 186EB is specified for operation 
when TC (the case temperature) is within the range 
of -40·C 
to + 100·C (PLCC package) or -40·C 
to 
+ 114·C (QFP package). Tc may be measured in 
any environment to determine whether the proces- 
sor is within the specified operating range. The case 
temperature must be measured at the center of the 
top surface. 


TA (the ambient temperature) can be calculated 
from 8c~ (thermal resistance from the case to ambi- 
ent) with the following equation: 


Typical values for 8CAat various airflows are given 
in TablE' 10. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi- 
mum Ice as tabulated in the DC specifications and 
Vcc of !i.5V. 


Airflow Linear ft/min (m/sec) 


0 
200 
400 
liOO 
800 
1000 
(0) (1.01) (2.03) (M4) 
(4.06) (5.07) 


8CA(PLCC) 
30 
24 
21 
19 
17 
16.5 


8CA(QFP) 
58 
47 
43 
40 
38 
36 


8CA(SQFP) 
70 
TBD 
TBD 
TBD 
TBD 
TBD 
• 


Absolute 
Maximum Ratings 


Storage Temperature 
- 6S·Cto + 1S0·C 


Case Temp under Bias 
-6S·C to + 120·C 


Supply Voltage 
with Respect to Vss 
-O.SV to + 6.SV 


Voltage on other Pins 


with Respect to Vss 
- O.SVto Vee + O.SV 


Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EB-based 
circuit board should include separate power (Vee) 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Pins identi- 
fied as "NC" must not be connected in the system. 
Liberal decoupling capacitance should be placed 
near the processor. The processor can cause tran- 
sient power surges when its output buffers tran- 
sition, particularly when connected to large capaci- 
tive loads. 


NOTICE:This data sheet contains preliminaryinfor- 
mation on new products in production.It is valid for 
the devices indicated in the revision history. The 
specificationsare subjectto changewithout notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by placing the de- 
coupling capacitors as close as possible to the proc- 
essor Vee and Vss package pins. 


Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(INTO:4)should be connected to Vee through a pUII- 
up resistor (in the range of so KO). Leave 
any un- 


used output 
pin or any NC pin unconnected. 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vcc 
Supply Voltage 
4.5 
!i.5 
V 


Vil 
Input Low Voltage 
-0.5 
0.3 VCC 
V 


VIH 
Input High Voltage 
0.7Vcc 
Vcc + 0.5 
V 


Val 
Output Low Voltage 
0.45 
V 
IOl = 3 mA (Min) 


VOH 
Output High Voltage 
VCC - 
0.5 
V 
IOH = -2 
mA (Mln) 


VHYR 
Input Hysterisis 
on RESIN 
0.50 
V 


IU1 
Input Leakage Current for Pins: 
:U5 
IJ-A 
OV:s; VIN:S; VCC 
AD15:0 
(AD7:0), READY, 
HOLD, RESIN, CLKIN, TEST, 
NMI,INT4:0, 
TOIN, T11N, 
RXDO, BCLKO, CTSO, RXD1, 
BCLK1, CTS1, P2.6, P2.7 


IU2 
Input Leakage Current for Pins: 
±0.275 
:t7 
mA 
OV:s; VIN < Vcc 
ERROR, 
PEREa 


IU3 
Input Leakage Current for Pins: 
-0.275 
-5.0 
mA 
VIN = 0.7 Vcc (Note 1) 


A19/C'5NCE, A18:16, 
LOCK 


ILO 
Output 
Leakage Current 
:i: 15 
IJ-A 
0.45 :s;VOUT :s;Vcc 
(Note 2) 


Icc 
Supply Current Cold (RESET) 
80C186EB20 
108 
mA 
(Note 3) 


80C186EB13 
'73 
mA 
'(Note 
3) 


110 
Supply Current Idle 
80C186EB20 
'76 
mA 
(Note 4) 


80C186EB13 
48 
mA 
(Note 4) 


IpD 
Supply Current Powerdown 
80C186EB20 
100 
IJ-A 
(Note 5) 


80C186EB13 
100 
IJ-A 
(Note 5) 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 6) 


NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by assertin(l HOLD, 
3. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst Gase frequency, Vcc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions. and all floating outputs driven to Vcc or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency. Vcc. and temperature with 
ALL outputs loaded as specified in AC Test Conditions. and all floating outputs driven to Vcc or GND. 
6. Output Capacitance is the capacitive load of a floating output pin, 


• 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VCC 
Supply Voltage 
2.7 
5.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.3 Vcc 
V 


VIH 
Input High Voltage 
0.7Vcc 
VCC + 0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA (Min) (Note 1) 


VOH 
Output High Voltage 
VCC - 
0.5 
V 
IOH = -1 
mA (Min) (Note 1) 


VHYR 
Input Hysterisis 
on RESIN 
0.50 
V 


IU1 
Input Leakage Current for pins: 
±15 
/LA 
OV s VIN S VCC 
AD15:0 
(AD7:0), READY, HOLD, 
RESIN, CLKIN, TEST, NMI, 
INT4:0, TOIN, T1IN, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, 
CTS1, SINT1, P2.6, P2.7 


1L12 
Input Leakage Current for Pins: 
-0.275 
-2 
mA 
VIN = 0.7 VCC (Note 2) 
A19/0NCE, 
A18:16, 
LOCK 


ILO 
Output 
Leakage Current 
±15 
/LA 
0.45 s VOUT S VCC (Note 3) 


ICC5 
Supply Current (RESET, 5.5V) 
80L186EB13 
73 
mA 
(Note 4) 
80L186EB8 
45 
mA 
(Note 4) 


ICC3 
Supply Current (RESET, 2.7V) 
80L186EB13 
36 
mA 
(Note 4) 
80L186EB8 
22 
mA 
(Note 4) 


1105 
Supply Current 
Idle (5.5V) 
80L186EB13 
48 
mA 
(Note 5) 
80L186EB8 
31 
mA 
(Note 5) 


1103 
Supply Current 
Idle (2.7V) 
80L186EB13 
24 
mA 
(Note 5) 
80L186EB8 
15 
mA 
(Note 5) 


IpD5 
Supply Current Powerdown 
(5.5V) 
80L186EB13 
100 
/LA 
(Note 6) 
80L186EB8 
100 
/LA 
(Note 6) 


IpD3 
Supply Current Powerdown 
(2.7V) 
80L186EB13 
30 
/LA 
(Note 6) 
80L186EB8 
30 
/LA 
(Note 6) 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 7) 


NOTES: 
1. IOLand 'OH measured at Vcc = 2.7V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vcc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vcc, and temperature with 
ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
7. Output Capacitance is the capacitive load of a floating output pin. 


The current (Icel consumption of the processor is 
essentially composed of two components; Ipo and 
Iccs· 


IpOis the quiescent 
current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vcc (no clock applied to 
the device). Ipo is equal to the Powerdown current 
and is typically less than 50 p.A. 


ICCSis the switching 
current used to charge and 
discharge parasitic device capacitance when chang- 
ing logic levels. Since Iccs is typically much greater 
than Ipo, Ipo can often be ignored when calculating 
Ice· 


ICCSis related to the voltage and frequency at which 
the device is operating. It is given by the formula: 


Power = V x I = V2 X CDEVX f 


... I = lee = lees = V x CDEVX f 
Where: V = Device operating voltage (Vcel 


CDEV":' Oevice capacitance 


f = Oevice operating frequency 


Ices = lee = Device current 


Measuring COEVon a device like the 80C186EB 
would be difficult. Instead. COEVis calculated using 
the above formula by measuring Icc at a known Vcc 
and frequency (see Table 11). Using this COEVval- 
ue. Ice can be calculated at any voltage and fre- 
quency within the specified operating range. 


EXAMPLE: Calculate the typical Icc when operating 
at 10 MHz. 4.8V. 


The PDTMR pin provides a delay between the as- 
sertion of NMI and the enabling of the internal 
clocks W1enexiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 
, 


NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (Le., a device reset during Pow- 
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi- 
lized). 


To calculate the value of capacitor required to pro- 
vide a dElsireddelay, use the equation: 


440 X t = CPD (SV,2S°C) 


Where: 
f: = desired delay in seconds 
Cpo = capacitive load on PDTMR in mi- 


crofarads 


EXAMPLE: To get a delay of 300 p.s. a capacitor 
value of CPO= 440 X (300 x 10-6) = 0.132 p.Fis 
required. Round up to standard (available) capaci- 
tive vaIUl~s. 


NOTE: 
The abolle equation applies to delay times greater 
than 10 p.s and will compute the TYPICAL 
capaci- 


tance needed to achieve the desired delay. A delay 
variance of +50% or - 25% can occur due to 
temperature. 
voltage, 
and 
device 
process 
ex- 


tremes. In general. higher Vce and/or lower tem- 
perature will decrease delay time, while lower Vce 
and/or higher temperature will increase delay time. 


Parameter 
Typ 
Max 
Units 
Notes 


COEV(Device in Reset) 
0.583 
1.02 
mAN'MHz 
1,2 


COEV(Device in Idle) 
0.408 
0.682 
mAN'MHz 
1,2 


1. Max CDEVis calculated at -40°C, 
all floating output~ driven to Vee or GND, and all 


outputs loaded to SOpF (including CLKOUT and OSCOUT). 
2. Typical CDEVis calculated at 2SoCwith all outputs load'3dto SOpF except CLKOUT and 
OSCOUT, which are not loaded. 
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20 MHz 
13 MHz 
Symbol 
Parameter 
Units 
Notes 


Min 
Max 
Min 
Max 


INPUT CLOCK 


TF 
CLKIN Frequency 
0 
40 
0 
26 
MHz 
1 


TC 
CLKIN Period 
25 
00 
38.5 
00 
ns 
1 


TCH 
CLKIN High Time 
10 
00 
12 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
10 
00 
12 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
17 
0 
23 
ns 
1,4 
T 
CLKOUT 
Period 
2*TC 
2*TC 
ns 
1 


TpH 
CLKOUT 
High Time 
(T/2)-5 
(T/2) + 5 
(T/2)-5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
(T/2)-5 
(T/2) + 5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
6 
1 
6 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
6 
1 
6 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOV1 
ALE, 82:0, DEN, DT IR, 
3 
22 
3 
25 
ns 
1,4,6,7 
SHE (RF8H), 
LOCK, 
A19:16 


TCHOV2 
GC80:7, 
LC8, UC8, 
3 
27 
3 
30 
ns 
1,4,6,8 
NC8, RD, WR 


TCLOV1 
SHE (RF8H), 
DEN, 
3 
22 
3 
25 
ns 
1,4,6 
LOCK, RE80UT, 
HLDA, 
TOOUT, T10UT, 
A19:16 


TCLOV2 
RD, WR, GC87:0, 
LC8, 
3 
27 
3 
30 
ns 
1,4,6 
UC8, AD15:0 (AD7:0, 
A15:8). NC8,INTA1:0, 
82:0 


TCHOF 
RD, WR, SHE (RF8H), 
0 
25 
0 
25 
ns 
1 
DT JR, LOCK, 82:0, 
A19:16 


TCLOF 
DEN, AD15:0 (AD7:0, 
0 
25 
0 
25 
ns 
1 
A15:8) 


20 MHz 
13 MHz 
Symbol 
Parameter 
Units 
Notes 
Min 
Max 
Mln 
Max 


SYNCHRONOUS 
INPUTS 


TCHIS 
TEST, NMI, INT4:0, BCLK1:0, T1:01N, 
10 
10 
ns 
1,9 


READY, CTS1:0, P2.6, P2.7 


TCHIH 
TEST, NMI,INT4:0, 
BCLK1:0, T1:0IN, 
3 
3 
ns 
1,9 
READY, CTS1:0 


TCLIS 
AD15:0 
(AD7:0), READY 
10 
10 
ns 
1, 10 


TCLIH 
READY, AD15:0 
(AD7:0) 
3 
3 
ns 
1,10 


TCLIS 
HOLD, PEREQ, ERROR 
10 
10 
ns 
1,9 


TCLIH 
HOLD, PEREQ, ERROR 
3 
3 
ns 
1,9 


NOTES: 
1. See AC Timing 
Waveforms, 
for waveforms 
and definition. 
2. Measure 
at VIH for high time, 
VIL for low time. 


3. Only required 
to guarantee 
Icc. 
Maximum 
limits are bounded 
by TC, TCH and TCL. 


4. Specified 
for a 50 pF load, see Figure 
13 for capacitive 
derating 
information. 
5. Specified 
for a 50 pF load, see Figure 
14 for rise and fall times 
outside 
50 pF. 


6. See Figure 
14 for rise and fall times. 
7. TCHOV1 applies 
to SHE (RFSH), LOCK and A19:16 
only after a HOLD release. 


8. TCHOV2 applies 
to RD and WR only after a HOLD release. 
9. Setup 
and Hold are required 
to guarantee 
recognition. 
10. Setup 
and Hold are required 
for proper 
operation. 
• 
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13 MHz 
8MHz 
Symbol 
Parameter 
Unit. 
Note. 


Mln 
Max 
Mln 
Max 


INPUT CLOCK 


TF 
CLKIN Frequency 
0 
26 
0 
16 
MHz 
1 


TC 
CLKIN Period 
38.5 
00 
62.5 
00 
ns 
1 


TCH 
CLKIN High Time 
15 
00 
15 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
15 
00 
15 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
40 
0 
50 
ns 
1,4 


T 
CLKOUT 
Period 
2*Tc 
2*Tc 
ns 
1 


TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
(T/2)-5 
(T/2) + 5 
ns 
1 


TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 


TPR 
CLKOUT 
Rise Time 
1 
10 
1 
15 
ns 
1,5 


TpF 
CLKOUT 
Fall Time 
1 
10 
1 
15 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOV1 
ALE, S2:0, DEN, DT IR, 
3 
25 
3 
30 
ns 
1,4,6,7 


SHE (RFSH), LOCK, 
A19:16 


TCHOV2 
GCSO:7, LCS, UCS, 
3 
30 
3 
35 
ns 
1,4,6,8 


NCS, RD, WR 


TCLOV1 
SHE (RFSH), DEN, 
3 
25 
3 
30 
ns 
1,4,6 


LOCK, RESOUT, 
HLDA, 


TOOUT, T10UT, 
A19:16 


TCLOV2 
S2:0, RD, WR, GCS7:0, 
3 
30 
3 
35 
ns 
1,4,6 


LCS, UCS, NCS, 
INTA1:0, AD15:0 (AD7:0, 
A15:8) 


TCHOF 
RD, WR, SHE (RFSH), 
0 
30 
0 
30 
ns 
1 


DTlA, LOCK, S2:0, 
A19:16 


TCLOF 
DEN, AD15:0 
(AD7:0, 
0 
30 
0 
35 
ns 
1 


A15:8) 


13 MHz 
8MHz 
Symbol 
Parameter 
Units 
Notes 


Min 
Max 
Min 
Max 


SYNCHRONOUS 
INPUTS 


TCHIS 
TEST, NMI, INT4:0, BCLK1:0, T1:0IN, 
20 ' 
25 
ns 
1,9 


READY, CTS1:0, P2.6, P2.7 


TCHIH 
TEST, NMI,INT4:0, 
T1:0IN, 
BCLK1:0, 
3 
3 
ns 
1,9 


READY, CTS1:0 


TCLIS 
AD15:0 
(AD7:0), READY 
20 
25 
ns 
1, 10 


TCLIH 
READY, AD15:0 
(AD7:0) 
3 
3 
ns 
1,10 


TCLIS 
HOLD 
20 
25 
ns 
1,9 


TCLIH 
HOLD 
3 
3 
ns 
1,9 


NOTES: 
. 


1. See AC Timing 
Waveforms, 
for waveforms 
and definition. 


2. Measure 
at VIH for high time, VIL for low time. 
3. Only required 
to guarantee 
Icc. 
Maximum 
limits are bounded 
by T C, T CH and T CL. 
4. Specified 
for a 50 pF load, see Figure 
13 for capacitive 
derating 
information. 
5. Specified 
for a 50 pF load, see Figure 
14 for rise and fall times 
outside 
50 pF. 
6. See Figure 
14 for rise and fall times. 


7. TCHOV1 
applies 
to SHE (RFSH), LOCK and A19:16 
only after a HOLD 
reillase. 


8. T CHOV2 
applies 
to RD and WR only after a HOLD 
release. 
9. Setup 
and Hold are required 
to guarantee 
recognition. 
10. Setup 
and Hold are required 
for proper 
operation. 


Symbol 
Pa~ameter 
MilA 
Max 
Units 
Notes 


RELATIVE 
TIMINGS 


TLHLL 
ALE Rising to ALE Falling 
T - 
15 
ns 


TAVLL 
Address 
Valid to ALE Falling 
%T -- 10 
ns 


TpLLL 
Chip Selects Valid to ALE Falling 
%T - 
10 
ns 
1 


TLLAX 
Address 
Hold from ALE Falling 
%T -- 10 
ns 


TLLWL 
ALE Falling to WR Falling 
%T -- 15 
ns 
1 


TLLRL 
ALE Falling to RD Falling 
%T - 
15 
ns 
1 


TWHLH 
WR Rising to ALE Rising 
%T - 
10 
ns 
1 


TAFRL 
Address 
Float to RD Falling 
0 
ns 


TRLRH 
RD Falling to RD Rising 
(2"T) 
- 
5 
ns 
2 


TWLWH 
WR Falling to WR Rising 
(2"T) 
- 
5 
ns 
2 


TRHAV 
RD Rising to Address 
Active 
T - 
15 
ns 


TWHDX 
Output Data Hold after WR Rising 
T - 
15 
ns 


TWHPH 
WR Rising to Chip Select Rising 
%T - 
10 
ns 
1 


TRHPH 
RD Rising to Chip Select Rising 
%T -- 10 
ns 
1 


TpHPL 
CS Inactive to CS Active 
%T - 
10 
ns 
1 


TOVRH 
ONCE Active to RESIN Rising 
T 
ns 
3 


TRHOX 
ONCE Hold from RESIN Rising 
T 
ns 
3 


NOTES: 
1. Assumes 
equal 
loading 
on both pins. 
2. Can be extended 
using wait states. 
3. Not tested 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


TXlXl 
TXD Clock Period 
T (n + 1) 
ns 
1,2 


TXLXH 
TXD Clock Low to Clock High (n > 1) 
2T - 
35 
2T + 35 
ns 
1 


TXlXH 
TXD Clock Low to Clock High (n = 1) 
T - 
35 
T + 35 
ns 
1 


TXHXl 
TXD Clock High to Clock Low (n > 1) 
(n - 
1) T - 
35 
(n - 
1) T + 35 
ns 
1,2 


TXHXl 
TXD Clock High to Clock Low (n = 1) 
T - 
35 
T + 35 
ns 
1 


TQVXH 
RXD Output Data Setup to TXD Clock High (n > 1) 
(n - 
1) T - 
35 
ns 
1,2 


TQVXH 
RXD Output Data Setup to TXD Clock High (n = 1) 
T - 
35 
ns 
1 


TXHQX 
RXD Output Data Hold after TXD Clock High (n > 1) 
2T - 
35 
ns 
1 


TXHQX 
RXD Output Data Hold after TXD Clock High (n = 1) 
T - 
35 
ns 
1 


TXHQZ 
RXD Output Data Float after Last TXD Clock High 
T + 20 
ns 
1 


TDVXH 
RXD Input Data Setup to TXD Clock High 
T + 20 
ns 
1 


TXHDX 
RXD Input Data Hold after TXD Clock High 
0 
ns 
1 


NOTES: 
1. See Figure 
12 for waveforms. 


2. n is the value 
of the BxCMP 
register 
ignoring 
the IClK 
Bit (Le., IClK 
= 0). 
• 


The AC specifications are tested with the 50 pF load - 
shoWn in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 


Specifications are measured at the VCC/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, tor AC specification definitions, test 
pins, and illustrations. 
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NOTE: 
20% 
VCC < Float < 80% 
VCC 


VALID 


V1l• 
V1H 
V1l• 
V1H 


fII 


Vcc 


ADO:15 
(AD7:0), 


A19:16 
(A19:8) 


OV 


ov 
..g- -_..-... 


VCC] 
~Q 


GCS7:0 
50% 


LCS. UCS 
ov 


~ 


50% 


NOTE: 
Pin names 
in parentheses 
apply to 80C188EB/80l188EB 


Figure 11. Relative 
Signal Waveform 


TOVXH 
TXHOX 


~ 
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8 
~ 
-5 
>- 
6 
.. 
d 
0 
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The processor will perform a reset operation any 
time the RESIN pin active. The RESIN pin is actually 
synchronized before it is presented internally, which 
me~ns that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor- 
rect initialization of the processor. Failure to pro- 
vide RESIN while the device Is powering up will 
result in unspecified operation of the device. 


Figure 14 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to CLKIN must not exceed the Vcc 
threshold being applied to the processor. This is nor- 
mally not a problem if the clock driver is supplied 
with the same Vcc that supplies the pS'cessor. 
When attaching a crystal to the device, RE IN must 
remain active until both Vcc and CLKOUT are stable 
(the length of time is application specific and de- 
pends on the startup characteristics of the crystal 


intel~ 


circuit). The RESIN pin is designed to operate cor- 
rectly using an RC reset circuit, but the designer 
must ensure that the ramp time for VCC is not so 
long thai RESIN is never really sampled at a logic 
low level when Vcc reaches minimum operating 
conditions. 


Figure 16 shows the timing sequence when R'ESi"N 
is applied after Vcc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat- 
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, bus signals LOCK, A19/ 
ONCE, and A18:16 are configured as inputs and 
we~ 
held high by internal pullup transistors. Only 


19/ONCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing LOCK or A18:16 low at 
any time while RESIN is low is prohibited and will 
cause unspecified device operation. 


eLKIN 
--I 


vee 
--1~ 


eLKOUT 
--I 


ues, 
Les, 


!! 


Ges7:0. 


TOUT. Tl0UT. 
IQ 
TXD 1:0. 
Nes 
--II 
c.. 
CD..•. 
HLDA, ALE, 


!II 
SINT1 


0 
--II 
0 
D: 
A19: 
16 


::u 
--II 
CD 
AD15:0 
(A 15:8, 
A07:0) 


III 
S2:0. 
CD.. 
RO,WR • 


== 


DT/ii. 
DEN. --II 
III 
LOCK 
< 
CD=.. 
--II 
3 
III 


RESOUT 


--II 


VVWVVWWVV\MMNV'JV\/\-- 


Vec 
end 
elKIN 
Stable 
to Outputs 
Valid 


28 
elKIN 
Periods (l.4ex) 
: 
.,: 
~f'4-JV\-J\JVV' 
. 
. 
. 
, 
. 
. 
. 
, 
. 
. 


______ 
~ 
••. 
II 
' 
. 
, 
II 
' 
10 


, 
, 
-------~.-m 
II 
II 
C 
I-------~.. 
Ij 
!I Ie 
. 
. 
. 


~~:::::::~ 
I----------.~ 
-- -"""'--"'I~ 
---j----'r----i-----i-----r----1r---i---\--J 


, 
. 
. 
, 
, 
, 
; I _ 
.• 
:/<.!J 
:: 
-------------------<1-1 -----..;..----.... 
;p----~. 


~ •• 
1----------- 


11----,\ 
~ 
: L......i ••1-------- 


NOTE: 
CLKOUT 
synchronization 
occurs 
on the rising edge of RESIN. 
If RESIN is sampled 
high while CLKOUT 
is high (solid line), then CLKOUT 
will remain 
low for two CLKIN 
periods. 
If RESIN is sampled 
high while CLKOUT 
is low (dashed 
line), then CLKOUT 
will not be affected. 


Pin names in parentheses 
apply to 80C188EB/80L188EB 
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NOTE: 
CLKOUT 
synchronization 
occurs 
on the rising edge of RESIN, If RESIN is sampled 
high while CLKOUT 
is high (solid line), then CLKOUT 
will remain 


low for two CLKIN 
periods, 
If RESIN 
is sampled 
high while CLKOUT 
is low (dashed 
line), then CLKOUT 
will not be affected, 


Pin names in parentheses 
apply to 80C188EB/80L 
188EB 
--€: 
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Figures 17 through 23 present the various bus cy- 
cles that are generated by the processor. What is 
shown in the figure is the relationship of the various 


bus signals to CLKOUT. These figures along with 
the information present in AC Specifications 
allow 


the user to determine all the critical timing analysis 
needed f,)r a given application. 
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NOTE: 
Pin names 
in parentheses 
apply to 80C188EB/80L 
188EB 
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NOTE: 
Pin names 
in parentheses 
apply to 80C188EB/80L188EB 
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NOTE: 
The address 
driven 
is typically 
the location 
of the next instruction 
prefetch. 
Under a majority 
of instruction 
sequences 
the 


AD15:0 
(AD7:0) 
bus will float, while the A19:16 
(A19:8) 
bus remains 
driven 
and all bus control 
signals 
are driven 
to their 


inactive 
state. 


Pin names 
in parentheses 
apply to 80C188EB/80L 
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NOTE: 
Pin names 
in parentheses 
apply to 80C188EB/80L 
188EB 
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NOTES: 
1. READY 
must be low by either 
edge to cause 
a wait state. 


2. Lighter 
lines indicate 
READ cycles, 
darker 
lines indicate 
WRITE 
cycles, 
Pin names 
in parentheses 
apply to 80C188EB/80L188EB 
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NOTES: 
1. READY 
must be low by either 
edge to cause 
a wait state. 


2. Lighter 
lines indicate 
READ cycles, 
darker 
lines indicate 
WRITE 
cycles. 
Pin names 
in parentheses 
apply to 80C188EB/80L188EB 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings, given are based on the following as- 
sumptions: 


• The opcode, along with any data or displacement 


required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDs occur. 
• All word-data is located on even-address bound- 


aries (80C186EB only). 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


intel~ 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EB has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu- 
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 


The 80C188EB 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater - 
than that derived from adding the instruction timings 
shown. 


8OC186EB 8OC188EB 


Function 
Format 
Clock 
Clock 
Comment. 


Cycles 
Cycles 


DATA TRANSFER 
MOV ~ Move: 


Register to Register/Memory 
1000100w 
modreg 
rim 
2/12 
2/12' 


Register/memory 
to register 
1000101w 
mad rag rIm 
2/9 
2/9' 


Immediate to register/memory 
1100011 
w 
modOOOrim 
data 
data if W= 1 
12/13 
12/13 
8/16-bit 


Immediate to register 
1011 
w reg 
data 
dataifW=1] 
3/4 
3/4 
8/16-bit 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high ] 
8' 


Accumulator 
to memory 
1010001w 
add,-Iow 
addr-high ] 
9' 


Register/memory 
to segment register 
10001110 
mod 0 reg rIm 
2/9 
2/13 


Segment register to register/memory 
10001100 
modO reg rIm 
2/11 
2/15 • 


PUSH ~ Push: 


Memory 
11111111 
mod 110 
rim 
16 
20 


Register 
01010reg 
10 
14 


Segment register 
000,egl10 
13 


Immediate 
011010s0 
IJ 
10 
data 
dataHs=O, 
14 


PUSHA - 
Push All 
01100000 
3B 
66 


POP ~ Pop: 


Memory 
1000 
1111 
modOOO rim 
20 
24 


Register 
01011 
reg 
10 
14 


Segment register 
OOOreg 111 
(reg*OI) 
8 
12 


POPA = PopAU 
01100001 
51 
83 


XCHG = Exchsnge: 


Register/memory 
with register 
1000011w 
mod reg 
rIm 
4/17 
4/17' 


Register with accumulator 
10010reg 


IN = Inputfrom: 


Fixed port 
1110010w 
port 
10 
10' 


Variable port 
1110110w 
8 
8' 


OUT = Oulpullo: 


Fixed port 
1110011 
w 
port 
9' 


Variable port 
1110111 
w 
7' 


XLAT = Translate byte to AL 
11010111 
11 
15 


LEA = Load EA to register 
10001101 
mod reg rim 
6 


LOS ~ Load pointer to OS 
11000101 
mad rag rIm 
(mod*11) 
18 
26 


LES ~ Load poinle, to ES 
11000100 
mad rag rIm 
(mod*ll) 
18 
26 


LAHF ~ Load AH with flags 
10011111 


SAHF = Store AH into flags 
10011110 


PUSHF ~ Push flags 
10011100 
13 


POPF ~ Pop flags 
10011101 
8 
12 


Shaded 
areas 
indicate 
instructions 
not 
available 
in 8086/8088 
microsystems. 


NOTE: 


·Clock 
cycles 
shown 
for 
byte 
transfers. 
For 
word 
operations. 
add 
4 clock 
cycles 
for 
all memory 
transfers. 


I 


~oo~[!"n[M]n~~OOW 
2·179 


8OC186EB 8OC186EB 


Funcllon 
Format 
Clock 
Clock 
Comments 


Cycles 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = segment Override: 


CS 
I 
00101110 
I 
2 
2 


55 
I 
00110110 
I 
2 
2 


OS 
I 
00111110 
I 
2 
2 


I 
I 


\ 


ES 
00100110 
2 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory 
with register to either 
I OOOOOOdw I 
mod reg rIm 
I 
3/10 
3/10" 


Immediate to register/memory 
I 
100000sw 
I 
modOOO rIm I 
data 
I dataifsw=OI 
I 
4/16 
4/16" 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
data ijw=1 ] 
3/4 
3/4 
8/16-bit 


ADC = Add with carry: 


Reg/memory 
with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10 
3/10" 


Immediate to register/memory 
I 
100000sw 
I modO 10 rIm I 
data 
I dataifsw=OI 
I 
4/16 
4/16" 


Immediate to accumulator 
I 0001010w 
I 
data 
I 
dataifw=1 ] 
3/4 
3/4 
8/16-bit 


INC = Increment: 


Register/memory 
I 
l111111w 
I 
modOOO rIm I 
3/15 
3/15" 


Register 
I 01000 
reg 
I 
3 
3 


SUB = Subtract: 


Reg/memory 
and register to either 
I 
001010dw 
I 
mod reg rIm 
I 
3/10 
3/10" 


Immediate from register/memory 
I 
100000sw 
I mod 1 0 1 rIm I 
data 
I dataifsw=OI 
I 
4/16 
4/16" 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 ] 
3/4 
3/4 
8116-bit 


SBB = Subtract with borrow: 


Reg/memory 
and register to either 
I 000110dw 
mod reg rIm 
I 
3/10 
3/10" 


Immediate from register/memory 
I 
100000sw 
modOll 
rIm I 
data 
I data if s w=Ol 
I 
4/16 
4/16" 


Immediate from accumulator 
I 0001110w 
data 
I 
dataijw=1 ] 
3/4 
3/4" 
8116-bit 


DEC = Decrement 


Register/memory 
I 
lllllllw 
modOOI 
rIm I 
3/15 
3/15" 


Register 
I 01001 
reg 
3 
3 


CMP = Compare: 


Register Imemory 
with register 
0011101w 
mod reg rIm 
I 
3/10 
3/10" 


Register with register/memory 
0011100w 
mod reg rIm 
I 
3/10 
3/10" 


Immediate with register/memory 
100000sw 
mod 111 
rIm I 
data 
I dataifsw=OI 
I 
3/10 
3/10" 


Immediate with accumulator 
0011110w 
data 
I 
data ijw= 
1 ] 
3/4 
3/4 
8/1fl.bij 


NEG = Change sign register/memory 
1111011w 
modO 11 rIm I 
3/10 
3/10" 


AAA = ASCII adjust for add 
00110111 
8 
8 


DAA = Decimal adjust for add 
00100111 
4 
4 


AAS = ASCII adjust for subtract 
00111111 
I 
7 
7 


DAS = Decimal adjust for subtract 
00101111 
I 
4 
4 


MUL = Multiply (unsigned): 
1111011 
w I 
mod 100 rIm I 
Register-Byte 
26-28 
26-28 


Register-Word 
35-37 
35-37 


Memory-Byte 
32-34 
32-34 
Memory-Word 
41-43 
41-43" 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


intel~ 


" 
8OC186EB 8OC188EB 
Function 
Format 
Clock 
Clock 
Comments 
Cycles 
Cycles 


ARITHMETIC (Continued) 


IMUL ~ Integer multiply (signed): 
I 
1111011 
w I 
mod 1 0 1 rim I 
Register-Byte 
25-28 
25-28 


Register·Word 
34-37 
34-37 


Memory-Byte 
31-34 
31-34 


Memory-Word 
40-43 
40-43' 


1'~nt_lmmedoate 
multiply 
I 
011010s1 
I 
mod reg rIm I 
data 
III 
dalaifs-O 
I 
22-251 
22-251 


II 
29-32 
29-32 


DIY ~ Divide (unsigned): 
I 
1 I 11 011 
w I mod 11 0 rim I 


Register-Byte 
29 
29 


Register·Word 
38 
38 


Memory-Byte 
35 
35 


Memory-Word 
44 
44' 


IDlY = Integer divida (signed): 
I 
1111011 
w I modll 
I 
rim I 


Register-Byte 
44-52 
44-52 


Register-Word 
53-61 
53-61 
Memory-Byte 
50-58 
50-58 


Memory-Word 
59-67 
59-67' 


AAM = ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 
19 


AAD ~ ASCII adjust for divide 
I 
11010101 
I 
00001010 
I 
15 
15 


CBW ~ Convert byte to word 
I 
10011000 
I 
2 
2 


CWO = Convert word to double word I 
10011001 
I 
4 
4 


LOGIC 
Shlft/Rotate 
Instruction.: 


RegisterlMemory by 1 
I 
1101000w 
I 
mod TTT r/m 
I 
2/15 
2/15 


RegisterlMemory by CL 
I 
1101001 
w I 
mod TTI rIm I 
5+n/17+n 
5+n/17+n 


I 
I 
I 
I 


... 


Register/Memory by Count 
1100000w 
modTTTr/m 
count 
5+n/17+n 
5+n/17 
+ n --- 


TTT Instruction 
II 


000 
ROL 


001 
ROR 


010 
RCL 


011 
RCR 


100 
SHL/SAL 
101 
SHR 
111 
SAR 


AND ~ And: 


Reg/memory 
and register to either 
I 
001000dw 
I 
rnodreg 
rim I 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I mod 1 00 
rim I 
data 
dataifw=t 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
data if w=1 
3/4 
3/4' 
8/16-bit 


TEST = And function to tlaga, no reault: 


Register/memory 
and register 
I 
1000010w 
I 
mod reg rim 
I 
3/10 
3/10' 


Immediate data and register/memory 
I 
1111011 
w I 
modOOO rim I 
data 
I 
dataifw=l 
I 
4/10 
4/10' 
I 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=l 
I 
3/4 
3/4 
8/16-bit 


OR~Or: 


Reg/memory 
and register to either 
I 
000010dw 
I 
mod reg 
rim 
·1 
3/10 
3/10' 


Immediate to register/memory 
I 
1000000w 
I modOOl 
rim I 
data 
I 
dataifw=1 
I 
4/16 
4/16' 


Immediate to accumulator 
I 
0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
3/4' 
8/16-bit 


NOTE: 
·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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8OC186EB 8OC188EB 


Function 
Format 
Clock 
Clock 
Commenta 


Cyclee 
Cyclee 


LOGIC (Continued) 


XOA = Exclusive or: 


Reg/memory 
and register to either 
001,00dw 
mod reg rIm 
I 
3/'0 
3/10' 


Immediate 
to register/memory 
'OOOOOOw 
mod' 
10 rim I 
data 
I 
dataifw=1 
I 
4/16 
4/16' 


Immediate 
to accumulator 
·00'10'Ow 
data 
I 
dataifw= CJ 
3/4 
3/4 
8/16·bit 


NOT = Invert register/memory 
111'0'1 
w 
mod010 
rim I 
3/'0 
3/10' 


STRING MANIPULATION 


MOVS - 
Move byte/word 
10100,Ow 
14 
14' 


CMPS - 
Compare byte/word 
'0100'1 
w I 
22 
22' 


SCAS ~ Scan byte/word 
'010111 
w I 
15 
15' 


LaDS = Load byte/wd to ALl AX 
'0,0110w 
I 
, 
'2 
12' 


STOS - 
Stora byte/wd from ALl AX 
, 0' 
01 01 w I 
'0 
10' 


INS = Input byte/wd from OXport 
0110110w 
I 
14 
14 


OUTS - 
Oulput byte/wd to OX port 
0110111w 
I 
14 
14 


Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS = Move string 
11110010 
1010010w 
I 
8+8n 
8+80- 


CMPS = Compare string 
111'001 
z 
'0100'1 
w I 
5+22n 
5+22n' 


SCAS = Scan string 
111' 
001 
z 
10101'1 
w I 
5+15n 
5+150- 


LaDS = Load string 
1'1'0010 
10101' 
Ow I 
6+11n 
6+110- 


STOS = Store string 
l' 
1 '0010 
'010101 
w I 
6+9" 
6+90- 


I 
I 
""'" 
- 
INS = tnput string 
11110010 
0110110w 
8+8n 
8+8n' 


OUTS = Output string 
I 1"10010 
I 0110111 
w I 
8+8n 
8+8n' 


CONTROL TRANSFER 


CALL = Call: 


Direct within segment 
I 
1'101000 
I 
disp-low 
I 
disp-high :oJ 
'5 
19 


Register/memory 
I 
1'1111'1 
I modO 10 rim I 
13/19 
17/27 


indirect within segment 


rnrect intersegment 
I 
'001'0'0 
I 
segment 
offset 
I 
23 
31 


I 
segment 
selector 
I 


Indirect intersegment 
I 
'1'11111 
I 
modO' 
1 rim I 
(mod'" 
'1) 
38 
54 


JMP = Uncondlttonaljump: 


Short/long 
I 
'110101' 
I 
disp-Iow 
I 
14 
14 


Direct 
within segment 
I 
1'101001 
I 
disp-low 
I 
disp·high "] 
14 
14 


Register/memory 
I 
1'1'111' 
I mod 1 00 rim I 
11/17 
11/21 
indirect within segment 


D;rect intersegment 
I 
11'0'0'0 
I 
segment offset 
I 
'4 
14 


I 
segment 
selector 
] 


Indirect intersegment 
I 
111'1'1' 
I 
mod 1 01 rim I 
(mod'" 
11) 
26 
34 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


intel~ 
80C18EiEB/80C188EB, 
80L 186EB/80L 
188EB 


INSTRUCTION 
SET SUMMARY 
(Continued) 


8OC186EB 
8OC188EB 


Function 
Format 
Clock 
Clock 
Commenta 


Cycle. 
Cycle. 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 
11000011 
16 
20 


Within seg adding immed to SP 
11000010 
data-low 
data-I~ 
18 
22 


lntersegment 
11001011 
22 
30 


Intersegment 
adding immediate to SP 
11001010 
data-low 
data-I~ 
25 
33 


JE/JZ = Jump on equal/zero 
01110100 
disp 
4/13 
4/13 
JMPnot 


taken/JMP 


JLlJNGE = Jump on less/not greater or equal 
01111100 
disp 
4/13 
4/13 


taken 


JLE/JNG = Jump on less or equal/not greater 
01111110 
disp 
4/13 
4/13 


JB/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 
4/13 • 


JBE/JNA = Jump on below or equal/not above 
01110110 
disp 
4/13 
4/13 


JP/JPE = Jump on partty/parity even 
01111010 
disp 
4/13 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 
4/13 


JNE/JNZ 
= Jump on not equal/not zero 
01110101 
disp 
4/13 
4/13 


JNLlJGE = Jump on notless/greater 
or equal 
01111101 
disp 
4/13 
4/13 


JNLE/JG 
= Jump on not Ie•• or equal/greater 
01111111 
disp 
4/13 
4/13 


JNB/JAE = Jump on not below/above or equal 
01110011 
disp 
4/13 
4/13 


JNBE/JA = Jump on not below or equal/above 
01110111 
disp 
4/13 
4/13 


JNP/JPO = Jump on not par/par odd 
01111011 
disp 
4/13 
4/13 


JNO - 
Jump on not overflow 
01110001 
disp 
4/13 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 
4/13 


JCXZ - 
Jump on ex zero 
11100011 
disp 
5/15 
5/15 


LOOP = Loop ex times 
11100010 
disp 
6/16 
6/16 
LOOP not 


LooPZ/LooPE 
= Loop while zero/ equal 
disp 
taken/LOOP 
11100001 
6/16 
6/16 
taken 


LooPNZ/LooPNE 
= Loop while not zero/equal 
11100000 
disp 
6/16 
6/16 


ENTER - 
Enter I'rocedIn 
11001000 
d.ta-tow 
data-NqLLCJ 


=0 
15 
19 


-1 
25 
29 


L>1 
22+ 16(n-l) 
26+2O(n-1) 


VI-lelIYlII'rocedIn 
11001001 
8 
8 


INT = Interrupt: 


Type specified 
11001101 
type 
47 
47 


Type 3 
11001100 
45 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
11001110 
ifiNT. not 
48/4 
48/4 
taken 


IRET = Interrupt return 
11001111 
28 
28 


8OUNO - oetect ••••••out of fango 
01100010 
Imod reg rIm I 
33-35 
33-35 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 
microsystems. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers. 
For word operations. 
add 4 clock 
cyc es for all memory 
transfers. 


intel~ 


8OC186EB 
8OC188EB 


Function 
Format 
Clock 
Clock 
Comment. 


Cycle. 
Cycle. 


PROCESSOR CONTROL 


CLC ~ Clear carry 
I 
11111000 
2 
2 


CMC ~ Complement 
carry 
I 
11110101 
2 
2 


STC ~ Set carry 
I 
11111001 
2 
2 


CLD = Clear direction 
I 
11111100 
2 
2 


STD ~ set direction 
I 
11111101 
2 
2 


ell = Clear interrupt 
I 
11111010 
2 
2 


STI = Set interrupt 
I 
11111011 
2 
2 


HLT=Halt 
I 
11110100 
2 
2 


WAIT 
~ Wait 
I 
10011011 
6 
6 
if~=O 


LOCK ~ Bus iock prefix 
I 
11110000 
2 
2 


NOP ~ No Operation 
I 
10010000 
3 
3 


(TTT LLL are opcode 
to processor 
extension) 


NOTE: 
'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 
if mod 
11 then rim is treated as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) -+' OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
if rim 
if rim 
if rim 
if rim 
ifr/m 
if rim 
if rim 
if rim 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 
er appropriate. 
Segment Override Prefix 


1001reg 
01 


reg is assigned 
according 
to the following: 
Segment 


reg 
Register 


00 
E5 
01 
C5 
10 
SS 
11 
OS 


REG is assigned 
according 
to the following 
table: 


16·Blt (w = 1) 
8-Blt (w = 0) 
000 AX 
OOOAL 
001 CX 
001 CL 


010 OX 
0100L 


011 BX 
011 BL 


100 SP 
100 AH 


101 BP 
101 CH 


110 SI 
1100H 


111 01 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the S5 seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


An 80C186EB/80L 186EB with a STEPID value of 
0001H has the following known errata. A device with 
a STEPID of 0001H can be visually identified by the 
presence 
of an "A" 
alpha character next to the 


FPO number. The FPO number location is shown in 
Figures 4, 5 and 6. 
1. A19/0NCE 
is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to remain in the ONCE Mode. Removing 
A19/0NCE after RESIN is high will return all out- 
put 
pins 
to 
a 
driving 
state, 
however, 
the 


80C186EB will remain in a reset state. 
2. During interrupt acknowledge (INTA) bus cycles, 


the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc- 
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ROY bit must be programmed to a 1) if wait- 
states are required for INTA bus cycles. 


3. CLKOUT will transition off the rising 
edge of 


CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than TCD. 


4. RESIN has a hysterisis of only 130 mY. It is rec- 


ommended that RESIN be driven by a Schmitt 
triggered device to avoid processor lockup during 
reset using an RC circuit. 


5. SINT1 will only go active for one clock period 


when a receive or transmit interrupt is pending 
(Le., it does not remain active until the S1STS 
registur is read). If SINT1 is to be connected to 
any of the processor interrupt lines (INTO-INT4), 
then it must be latched by user logic. 


An 80C1B6EB/80L186EB with a STEPID value of 
0001H or 0002H has the following known errata. A 
device with a STEPID of 0002H can be visually iden- 
tified by 10ting the presence of a "B", "C" or "0" 
alpha character next to the FPO number. The FPO 
number location is shown in Figures 4, 5 and 6. 
1. An internal condition with the interrupt controller 


can C,luse no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 2 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in- 
terrupt timing. 


This datE,sheet replaces the following data sheets: 


27080:1-004 80C186EB 
27088!)-003 80C188EB 
27092'1-003 80L186EB 
270920-003 80L188EB 
27231'1-001 SB80C188EB/SB80L 188EB 
27231:1-001 SB80C186EB/SB80L 186EB 


80C186EC/80C188EC 
AND 80L 186EC/80L 188EC 
16-BIT HIGH-INTEGRATION 
EMBEDDED PROCESSORS 


• 
Fully Static Operation 


• 
True CMOSInputs and Outputs 


• 
- 40·Cto + 85°COperating Temperature Range 


• 
Integrated Feature Set: 
- 
Low-Power, Static, Enhanced 8086 
CPU Core 
- 
Two Independent DMA Supported 
UARTs, each with an Integral Baud 
Rate Generator 
- 
Four Independent DMA Channels 
- 
22 Multiplexed I/O Port Pins 
- 
Two 8259A Compatible 
Programmable Interrupt Controllers 
- 
Three Programmable 16-Bit Timerl 
Counters 
- 
32-Bit Watchdog Timer 
- 
Ten Programmable Chip Selects with 
Integral Wait-State Generator 
- 
Memory Refresh Control Unit 
- 
Power Management Unit 
- 
On-Chip Oscillator 
- 
System Level Testing Support 
(ONCE Mode) 


• 
Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte I/O 


• 
Low-Power Operating Modes: 
-Idle 
Mode Freezes CPU Clocks but 
Keeps Peripherals Active 


- 
Powerdown Mode Freezes All 
Internal Clocks 
- 
Powersave Mode Divides All Clocks 
by Programmable Prescalar 


• 
Complete System Development 
Support 
- 
ASM86 Assembler, IC-86 and System 
Utilities 
-In··Clrcuit 
Emulator 


• 
Supports 80C187 Numerics Processor 
Extension (80C186EConly) 


• 
Package Types: 
-100-Pin 
EIAJ Quad Flat Pack (QFP) 
-100-Pin 
Plastic Quad Flat Pack 
(PQFP) 
-100-Pln 
Shrink Quad Flat Pack 
(SQFP) 


• 
Speed Versions Available (5V): 
- 
20 MHz (80C186EC20/80C188EC20) 
-13 
MHz (80C186EC13/80C188EC13) 


• 
Speed Version Available (3V): 
-13 
MHz (80L186EC13/80L188EC13) 
- 
8 MHz (80L186EC8/80L188EC8) 


The 80C186EC 
is a member 
of the 186 Integrated 
Processor 
Family. The 186 Integrated 
Processor 
Family 
incorporates 
several 
different 
VLSI devices 
all of which 
share a common 
CPU architecture: 
the 8086/8088. 


The 80C186EC 
uses the latest 
high density 
CHMOS 
technology 
to integrate 
several 
of the most 
common 
system 
peripherals 
with an enhanced 
8086 
CPU core to create 
a powerful 
system 
on a single 
monolithic 
silicon die. 
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NOTE: 
Pin names 
in parentheses 
apply to the 80C188EC/80L188EC 
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Unless 
specifically 
noted, 
all 
references 
to 
the 
80C186EC 
apply to the 80C188EC, 
80L 186EC, and 
80L 188EC. 
References 
to pins that 
differ 
between 


the 
80C186EC/80L 
186EC 
and 
the 
80C188EC/ 


80L 188EC are given in parentheses. 
The "L" 
in the 
part number 
denotes 
low voltage 
operation. 
Physi- 
cally and functionally, 
the "C" 
and "L" 
devices 
are 
identical. 


The 
80C186EC 
is one 
of 
the 
highest 
integration 
members 
of the 
186 Integrated 
Processor 
Family. 


Two 
serial 
ports 
are provided 
for services 
such as 
interprocessor 
communication, 
diagnostics 
and mo- 
dem interfacing. 
Four DMA channels 
allow for high 
speed data movement 
as well as support 
of the on- 
board 
serial ports. A flexible 
chip select 
unit simpli- 


fies 
memory 
and 
peripheral 
interfacing. 
The 
three 
general 
purpose 
timer/counters 
can be used for a 
variety of time measurement 
and waveform 
genera- 


tion tasks. 
A watchdog 
timer 
is provided 
to insure 
system 
integrity 
even in the most hostile of environ- 
ments. 
Two 8259A 
compatible 
interrupt 
controllers 
handle 
internal 
interrupts, 
and, up to 57 external 
in- 
terrupt 
requests. 
A DRAM refresh 
unit and 24 multi- 


plexed 
I/O 
ports 
round 
out the 
feature 
set of the 
80C186EC. 


The future set of the 80C186EC 
meets the needs of 


low-power, 
space-critical 
applications. 
Low-power 
applications 
benefit 
from 
the 
static 
design 
of the 
CPU and the integrated 
peripherals 
as well as low 
voltage 
operation. 
Minimum 
current 
consumption 
is 
achieved 
by providing 
a powerdown 
mode that halts 
operaton 
of the 
device 
and freezes 
the 
clock 
cir- 
cuits. 
Peripheral 
design 
enhancements 
ensure 
that 
non-initialized 
peripherals 
consume 
little current. 


The 80L 186EC is the 3V version 
of the 80C186EC. 


The 
80L 186EC 
is 
functionally 
identical 
to 
the 
80C186EC 
embedded 
processor. 
Current 
80C186EC 
users can easily upgrade their designs to 
use 
the 
80L 186EC 
and 
benefit 
from 
the 
reduced 
power consumption 
inherent 
in 3V operation. 


Figure 
1 shows 
a block diagram 
of the 80C186EC/ 
80C188EC. 
The execution 
unit (EU) is an enhanced 
8086 CPU core that includes: 
dedicated 
hardware 
to 
speed 
up effective 
address 
calculations, 
enhanced 
execution 
speed 
for multiple-bit 
shift and rotate 
in- 
structions 
and 
for 
multiply 
and 
divide 
instructions, 
string 
move 
instructions 
that 
operate 
at 
full 
bus 
bandwidth, 
ten new instructions 
and fully static oper- 
ation. 
The 
bus interface 
unit (BIU) is the same 
as 
that 
found 
on the original 
186 family 
products, 
ex- 
cept the queue-status 
mode 
has been deleted 
and 
buffer 
interface 
control 
has been changed 
to ease 
system 
design timings. 
An independent 
internal 
bus 


is used for communication 
between 
the BIU and on- 
chip peripherals. 


The 80C186EC 
core 
incorporates 
a bus controller 


that gr3nerates local bus control 
signals. 
In addition, 


it employs 
a HOLD/HLDA 
protocol 
to share the local 


bus w th other bus masters. 


The b JS controller 
is responsible 
for generating 
20 


bits of address, 
read and write 
strobes, 
bus cycle 


status information 
and data (for write operations) 
in- 


formation. 
It is also 
responsible 
for 
reading 
data 


from the local bus during a read operation. 
A ready 


input pin is provided 
to extend 
a bus cycle 
beyond 


the milimum 
four states 
(clocks). 


The bus controller 
also generates 
two control 
sig- 


nals ([)EN 
and DT /R) when 
interfacing 
to external 


transcHiver 
chips. This capability 
allows the addition 


of 
transceivers 
for 
simple 
buffering 
of 
the 
multi- 


plexed address/ data bus. 


The 8CC186EC 
provides 
an on-chip 
clock generator 


for bot 1 internal 
and external 
clock 
generation. 
The 


clock generator 
features 
a crystal oscillator, 
a divide- 


by-two 
counter 
and 
three 
low-power 
operating 


modes 


The oscillator 
circuit 
is designed 
to be used with ei- 


ther 
a parallel 
resonant 
fundamental 
or third-over- 


tone m )de crystal 
network. 
Alternatively, 
the oscilla- 


tor 
circuit 
may 
be 
driven 
from 
an 
external 
clock 


source. 
Figure 2 shows the various operating 
modes 


of the oscillator 
circuit. 


The crystal or clock frequency 
chosen 
must be twice 
the required 
processor 
operating 
frequency 
due to 


the 
intmnal 
divide-by-two 
counter. 
This 
counter 
is 


used to drive all internal 
phase clocks and the exter- 


nal CU:OUT 
signal. 
CLKOUT 
is a 50% 
duty cycle 


proceswr 
clock and can be used to drive other sys- 


tem components. 
All AC timings 
are referenced 
to 


CLKOUT. 


The following 
parameters 
are recommended 
when 


choosing 
a crystal: 


Temperature 
Range: 


ESR (Equivalent 
Series Res.): 


CO (Shunt Capacitance 
of Crystal): 


CL (Load Capacitance): 


Drive Level: 


Application 
Specific 


400 
max 


7.0 pF max 


20 pF ±2 pF 


1 mW{max) 


• 


NOTE: 
1. The LC network 
is only required 
when 
using a third overtone 
crystal. 


Figure 2. 80C186EC 
Clock Connections 


- 
10-0utput 
Chip-Select 
Unit 


- 
32-bit Watchdog 
Timer Unit 


- 
I/O Port Unit 


- 
Refresh 
Control 
Unit 


- 
Power Management 
Unit 


80C186EC 
PERIPHERAL 
ARCHITECTURE 


The 80C186EC 
integrates 
several 
common 
system 
peripherals 
with a CPU core to create a compact, 
yet 


powerful 
system. 
The integrated 
peripherals 
are de- 


signed to be f1exbile and provide logical interconnec- 
tions 
between 
supporting 
units 
(e.g., the 
DMA unit 


can 
accept 
requests 
from 
the 
Serial 
Communica- 


tions 
Unit). 


The list of integrated 
peripherals 
includes: 


- 
Two cascaded, 
8259A 
compatible, 
Programma- 


ble Interrupt 
Controllers 


- 
3-Channel 
Timer/Counter 
Unit 


- 
2-Channel 
Serial Communications 
Unit 


- 
4-Channel 
DMA Unit 


The 
registers 
associated 
with 
each 
integrated 
pe- 


ripheral 
are contained 
within 
a 128 x 16-bit register 


file called 
the Peripheral 
Control 
Block 
(PCB). The 


base address 
of the PCB is programmable 
and can 


be located 
on any 256 byte address 
boundary 
in ei- 


ther memory 
or I/O space. 


Figure 
3 provides 
a list of the registers 
associated 


with the PCB. The Register 
Bit Summary 
individually 


lists all of the registers 
and identifies 
each of their 


programming 
attributes. 


PCB 
Function 
Offset 


OOH 
Master 
PIC Port 0 


02H 
Master 
PIC Port 1 


04H 
Slave PIC Port 0 


06H 
Slave PIC Port 1 


08H 
Reserved 


OAH 
SCU Inl. Req. Ltch. 


OCH 
DMA Inl. Req. Ltch. 


OEH 
TCU Inl. Req. Ltch. 


10H 
Reserved 


12H 
Reserved 


14H 
Reserved 


16H 
Reserved 


18H 
Reserved 


1AH 
Reserved 


1CH 
Reserved 


1EH 
Reserved 


20H 
WDT Reload 
High 


22H 
WDT Reload 
Low 


24H 
WDT Count High 


26H 
WDT Count Low 


28H 
WDTClear 


2AH 
WDTDisable 


2CH 
Reserved 


2EH 
Reserved 


30H 
TO Count 


32H 
TO Compare 
A 


34H 
TO Compare 
B 


46H 
TO Control 


38H 
T1 Count 


3AH 
T1 Compare 
A 


3CH 
T1 Compare 
B 


3EH 
T1 Control 


PCB 
Function 
Offset 


40H 
T2 Count 


42H 
T2Compare 


44H 
Reserved 


46H 
T2Controi 


48H 
Port 3 Direction 


4AH 
Port 3 Pin State 


4CH 
Port 3 Mux Control 


4EH 
Port 3 Data Latch 


50H 
Port 1 Direction 


52H 
Port 1 Pin State 


54H 
Port 1 Mux Control 


56H 
Port 1 Data Latch 


58H 
Port 2 Direction 


5AH 
Port 2 Pin State 


5CH 
Port 2 Mux Control 


5EH 
Port 2 Data Latch 


60H 
SCU 0 Baud 


62H 
SCU o Count 


64H 
SCU 0 Control 


66H 
SCU 0 Status 


68H 
SCUO RBUF 


6AH 
SCU OTBUF 


6CH 
Reserved 


6EH 
Reserved 


70H 
SCU 1 Baud 


72H 
SCU 1 Count 


74H 
SCU 1 Control 


76H 
SCU 1 Status 


78H 
SCU 1 RBUF 


7AH 
SCU 1 TBUF 


7CH 
Reserved 


7EH 
Reserved 


PCB 
Function 
Offset 


80H 
GCSO Start 


82H 
GCSOStop 


84H 
GCS1 Start 


86H 
GCS1 Stop 


88H 
GCS2 Start 


8AH 
GCS2Stop 


8CH 
GCS3Start 


8EH 
GCS3Stop 


90H 
GCS4Start 


92H 
GCS4Stop 


94H 
GCS5 Start 


96H 
GCS5Stop 


98H 
GCS6Start 


9AH 
GCS6Stop 


9CH 
GCS7Start 


9EH 
GCS7 Stop 


AOH 
LCSStart 


A2H 
LCSStop 


A4H 
UCS Start 


A6H 
UCSStop 


A8H 
Rel~cation 
Register 


AAH 
Reserved 


ACH 
Reserved 


AEH 
Reserved 


BOH 
Refresh 
Base Addr. 


B2H 
I~efresh Time 


B4H 
Refresh 
Control 


B6H 
R'lfresh 
Address 


B8H 
Power Control 


BAH 
Reserved 


BCH 
Step 10 


BEH 
Powersave 


PCB 
Function 


Offset 


COH 
DMA 0 Source 
Low 


C2H 
DMA 0 Source 
High 


C4H 
DMA 0 Desl. Low 


C6H 
DMA 0 Desl. High 


C8H 
DMA 0 Count 


CAH 
DMA 0 Control 


CCH 
DMA Module 
Pri. 


CEH 
DMAHalt 


DOH 
DMA 1 Source 
Low 


D2H 
DMA 1 Source 
High 


D4H 
DMA 1 Desl. Low 


D6H 
DMA 1 Desl. High 


D8H 
DMA 1 Count 


DAH 
DMA 1 Control 


DCH 
Reserved 


DEH 
Reserved 


EOH 
DMA 2 Source 
Low 


E2H 
DMA 2 Source 
High 


E4H 
DMA 2 Desl. Low 
, 
E6H 
DMA 2 Desl. High 


E8H 
DMA 2 Count 


EAH 
DMA 2 Control 


ECH 
Reserved 


EEH 
Reserved 


FOH 
DMA 3 Source 
Low 


F2H 
DMA 3 Source 
High 


F4H 
DMA 3 Desl. Low 


F6H 
DMA 3 Desl. High 


F8H 
DMA 3 Count 


FAH 
DMA 3 Control 


FCH 
Reserved 


FEH 
Reserved 


• 


The 80C186EC 
utilizes 
two 8259A 
compatible 
Pro- 
grammable 
Interrupt 
Controllers 
(PIC) 
to 
manage 
both 
internal 
and 
external 
interrupts. 
The 
8259A 
modules 
are configured 
in a master/slave 
arrange- 
ment. 


Seven 
of the external 
interrupt 
pins, 
INTO through 
INT6, are connected 
to the master 
8259A 
module. 
The eighth external 
interrupt 
pin, INT?, is connected 
to the slave 8259A 
module. 


There 
are 
a total 
of 
11 internal 
interrupt 
sources 
from the integrated 
peripherals: 
4 Serial, 4 DMA and 
3 Timer/Counter. 


The 80C186EC 
Timer/Counter 
Unit (TCU) provides 
three 
16-bit programmable 
timers. Two of these are 
highly flexible 
and are connected 
to external 
pins for 
external 
control 
or clocking. 
The third timer 
is not 
connected 
to 
any 
external 
pins 
and 
can 
only 
be 
clocked 
internally. 
However, 
it can be used to clock 
the other two timer channels. 
The TCU can be used 
to count 
external 
events, 
time external 
events, 
gen- 
erate non-repetitive 
waveforms 
or generate 
timed in- 
terrupts. 


The 
80C186EC 
Serial 
Communications 
Unit (SCU) 
contains 
two independent 
channels. 
Each channel 
is 
identical 
in operation 
except 
that only channel 
0 is 
directly supported 
by the integrated 
interrupt 
control- 
ler (the channel 
1 interrupts 
are routed 
to external 
interrupt 
pins). Each channel 
has its own baud rate 
generator 
and can be internally 
or externally 
clocked 
up to one 
half the processor 
operating 
frequency. 
Both 
serial 
channels 
can request 
service 
from 
the 
DMA unit thus providing 
block 
reception 
and trans- 
mission without 
CPU intervention. 


Independent 
baud rate generators 
are provided 
for 
each 
of the serial channels. 
For the asynchronous 
modes, 
the generator 
supplies 
an 8x baud clock 
to 
both the receive 
and transmit 
shifting 
register 
logic. 
A 
1x baud 
clock 
is provided 
in the 
synchronous 
mode. 


The four channel 
Direct Memory Access 
(DMA) Unit 
is comprised 
of 
two 
modules 
with 
two 
channels 
each. 
All four 
channels 
are identical 
in operation. 


DMA transfers 
can take place from memory to mem- 
ory, I/O 
to memory, 
memory 
to I/O 
or I/O 
to I/O. 


DMA requests 
can be external 
(on the ORO pins), 
internal 
(from Timer 
2 or a serial 
channel) 
or soft- 
ware initiated. 


The 
DMA 
Unit transfers 
data 
as bytes 
only. 
Each 
data transfer 
requires at least two bus cycles, one to 
fetch 
data and one to deposit. 
The minimum 
clock 
count for each transfer 
is 8, but this will vary depend- 
ing on synchronization 
and wait states. 


Chip-Select 
Unit 


The 
80C186EC 
Chip-Select 
Unit 
(CSU) 
integrates 
logic which 
provides 
up to ten programmable 
chip- 
selects to access 
both memories 
and peripherals. 
In 
addition, 
each 
chip-select 
can 
be programmed 
to 
automatically 
insert 
additional 
clocks 
(wait 
states) 
into the current 
bus cycle, and/or 
automatically 
ter- 
minate 
a bus cycle 
independent 
of the condition 
of 
the READY 
input pin. 


The 
I/O 
Port Unit on the 80C186EC 
supports 
two 
8-bit channels 
and one 6-bit channel 
of input, output 
or input/output 
operation. 
Port 1 is multiplexed 
with 
the chip select pins and is output only. Port 2 is mul- 
tiplexed 
with the pins for serial channels 
1 and 2. All 
Port 2 pins are input/ output. 
Port 3 has a total of 6 
pins: four that are multiplexed 
with DMA and serial 
port 
interrupts 
and 
two 
that 
are 
non-multiplexed, 


open drain I/O. 


The RElfresh Control 
Unit (RCU) automatically 
gen- 
erates 
a periodic 
memory 
read 
bus cycle 
to keep 
dynamic 
or pseudo-static 
memory 
refreshed. 
A 9-bit 
counter 
controls 
the number 
of clocks 
between 
re- 
fresh requests. 


A 12-bit address generator 
is maintained 
by the RCU 
and is presented 
on the A12:1 address 
lines during 
the refresh 
bus cycle. Address 
bits A19:13 
are pro- 
grammable 
to allow the refresh 
address 
block to be 
located 
on any 8 Kbyte boundary. 


Watchdog 
Timer Unit 


The Watchdog 
Timer Unit (WDT) allows for graceful 
recovery 
from 
unexpected 
hardware 
and 
software 
upsets. 
The WDT consists 
of a 32-bit 
counter 
that 
decrements 
every clock 
cycle. 
If the counter 
reach- 
es zero 
before 
being 
reset, 
the 
WDTOUT 
pin 
is 


pulled low for four clock cycles. Logically ANDing 
the WDTOUT pin with the power-on reset signal al- 
lows the WDT to reset the device in the event of a 
WDT timeout. If a less drastic method of recovery is 
desired, WDTOUT can be connected directly to NMI 
or one of the INT input pins. The WDT may also be 
used as a general purpose timer. 


Power Management 
Unit 


The 80C186EC Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides four power management 
modes: Active, Powersave, Idle and Powerdown. 


Active 
Mode 
indicates 
that 
all 
units 
on 
the 


80C186EC are operating at % the CLKIN frequency. 


Idle Mode freezes the clocks of the Execution and 
Bus units at a logic zero state (all peripherals contin- 
ue to operate normally). 


The Powerdown Mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 


In Powersave Mode, all internal clock signals are di- 
vided by a programmable prescalar (up to 
Y64 the 


normal frequency). Powersave Mode can be used 
with Idle Mode as well as during normal (Active 
Mode) operation. 


The 80C186EC supports the direct connection of 
the 80C187 Numerics Processor Extension. The 
80C187 can dramatically improve the performance 
of calculation intensive applications. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EC has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". 
The 
ONCE 
mode 
is 
selected 
by 
forcing 
the 


A19/S6/0NCE 
pin' low during a processor reset 


(this pin is weakly held high during reset to prevent 
inadvertant entrance into ONCE Mode). 


This section describes the pin functions, pinout and 
thermal characteristics for the 80C186EC in the 
Plastic Quad Flat Pack (JEDEC PQFP), the EIAJ 


Quad Flat Pack (QFP) and the Shrink Quad Flat 
Pack (SQFP). For complete package specifications 
and information, see the Intel Packaging Outlines 
and Dimensions Guide (Order Number: 231369). 


Table .\ lists the prefix identifications. 


Table 
1. Prefix Identification 


Prellx 
Package 
Temperature 


Type 
Range 


S 
QFP (EIAJ) 
Extended 


KU 
PQFP 
Extended 


JEJ 
SQFP 
Extended 


Pin Dc~scriptions 


Each pin or logical set of pins is described in Table 
2. Them are four columns for each entry in the Pin 
Description Table. The following sections describe 
each cclumn. 


Column 1: Pin Name 
In this column is a mnemonic that de- 
scribes the pin function. Negation of the 
signal name (Le. RESIN) implies that the 
signal is active low. 


Column 
2: Pin Type 
A pin may be either power (P), ground 
(G), input only (I), output only (0) or in- 
put/output (I/O). Please note that some 
pins 
have 
more 
than 
1 
function. 


A19/56/0NCE, 
for example, is normally 


an output but functions as an input dur- 
ing 
reset. 
For 
this 
reason 


A19/56/0NCE 
is classified as an input/ 


output pin. 


Column 
3: Input Type (for I and I/O types 
only) 


There are two different types of input 
pins on the 80C186EC: asynchronous 
and synchronous. Asynchronous 
pins 


require that setup and hold times be met 
only to guarantee 
recognition. 
Synchro- 


nous input pins require that the setup 
and hold times be met to guarantee 
proper 
operation. 
Stated simply, missing 


a setup or hold on an asynchronous pin 
will result in something minor (Le.a timer 
count will be missed) whereas missing a 
setup or hold on a synchronous pin will 
result in system failure (the system will 
"lock up"). 
An input pin may also be edge or level 
sensitive. 


Column 4: Output States (for 0 and 1/0 types 
only) 


The state of an output 
or I/O pin is de- 


pendent 
on the operating 
mode 
of the 


device. 
There 
are four modes 
of opera- 


tion that are different 
from normal active 


mode: Bus Hold, Reset, Idle Mode, Pow- 
erdown 
Mode. 
This 
column 
describes 


the 
output 
pin 
state 
in each 
of these 


modes. 


The legend for interpreting 
the information 
in the Pin 


Descriptions 
is shown 
in Table 
1. 


As an example, 
please 
refer to the table 
entry 
for 


AD12:0. The "I/O" 
signifies that the pins are bidirec- 


tional 
(Le. have both an input and output 
function). 


The "S" 
indicates 
that, as an input the signal 
must 
be synchronized 
to CLKOUT 
for proper 
operation. 


The "H(Z)" 
indicates 
that these 
pins will float while 


the 
processor 
is in the 
Hold 
Acknowledge 
state. 


R(Z) indicates 
that these pins will float while RESIN 


is low. P(O) and 1(0) indicate 
that these pins will drive 


o when 
the 
device 
is in either 
Powerdown 
or Idle 


Mode. 


Some 
pins, the I/O 
Ports for example, 
can be pro- 


grammed 
to perform 
more than one function. 
Multi- 


function 
pins 
have 
a "/" 
in their 
signal 
name 
be- 


tween 
the different 
functions 
(Le. P3.0/RXI1). 
If the 


input pi 
type or output pin state differ between 
func- 


tions, 
then 
that will be indicated 
by separating 
the 


state 
(or type) 
with 
a "/" 
(Le. H(X)/H(Q». 
In this 


example 
when the pin is configured 
as P3.0 then its 


hold output 
state 
is H(X); when configured 
as RXI1 
its output state is H(Q). 


All pins 
float 
while 
the 
processor 
is in the 
ONCE 


Mode (with the exception 
of OSCOUT). 


Symbol 
Description 


P 
Power Pin (apply + Vcc voltage) 
G 
Ground (connect 
to Vss) 


I 
Input only pin 
0 
Output only pin 


I/O 
Input/Output 
pin 


S(E) 
Synchronous, 
edge sensitive 


S(L) 
Synchronous, 
level sensitive 


A(E) 
Asynchronous, 
edge sensitive 
A(L) 
Asynchronous, 
level sensitive 


H(1) 
Output driven to Vcc during bus hold 


H(O) 
Output driven to Vss during bus hold 


H(Z) 
Output floats during bus hold 
H(Q) 
Output remains active during b s hold 


H(X) 
Output retains current state during bus hold 


R(WH) 
Output weakly held at Vcc during reset 
R(1) 
Output driven to VCCduring reset 


R(O) 
Output driven to VSS during reset 


R(Z) 
Output floats during reset 
R(Q) 
Output remains active during reset 
R(X) 
Output retains current state during reset 


1(1) 
Output driven to Vcc during Idle Mode 
I{O) 
Output driven to Vss during Idll~ Mode 
I(Z) 
Output floats during Idle Mode 
I(Q) 
Output remains active during Idle Mode 
I(X) 
Output retains current state during Idle Mode 


P(1) 
Output driven to Vcc during Powerdown 
Mode 


P(O) 
Output driven to Vss during Powerdown 
Mode 


P(Z) 
Output floats during Powerdown 
Mode 


P(Q) 
Output remains active during Powerdown 
Mode 


P(X) 
Output retains current state during Powerdown 
Mode 


intel~ 


Pin Name 
Pin 
Input 
Output 
Pin Description 
Type 
Type 
States 


VCC 
P 
- 
- 
POWER + 5V ± '\0% power supply connection 


Vss 
G 
- 
- 
GROUND 


CLKIN 
I 
A(E) 
- 
CLocK INput is tl1e external 
clock input. An external 


oscillator 
operatirg 
at two times the required processor 


operating 
frequency 
can be connected 
to CLKIN. For 


crystal operation, 
CLKIN (along with OSCOUT) 
are the 


crystal connections 
to an internal 
Pierce oscillator. 


OSCOUT 
0 
- 
H(Q) 
OSCillator 
OUTput 
is only used when using a crystal to 


R(Q) 
generate 
the internal clock. OSCOUT 
(along with CLKIN) 


I(Q) 
are the crystal connections 
to an internal 
Pierce oscillator. 


P(X) 
This pin can not be used as 2X clock output for non- 
crystal applicatiors 
(Le. this pin is not connected 
for non- 


crystal applicatiors). 


CLKOUT 
0 
- 
H(Q) 
CLocK OUTput 
I=rovides a timing reference 
for inputs and 


R(Q) 
outputs of the pro=essor, 
and is one-half 
the input clock 


I(Q) 
(CLKIN) frequenc'(. 
CLKOUT 
has a 50% duty cycle and 


P(X) 
transitions 
every f:illing edge of CLKIN. 


RESIN 
I 
A(L) 
- 
RESet IN causes the processor 
to immediately 
terminate 


any bus cycle in p'ogress 
and assume an initialized 
state. 


All pins will be driven to a known state, and RESOUT will 
also be driven act ve. The rising edge (Iow-to-high) 
transition 
synchro'lizes 
CLKOUT with CLKIN before the 


processor 
begins fetching opcodes 
at memory 
location 


OFFFFOH, 


RESOUT 
0 
- 
H(O) 
RESet OUTput that indicates 
the processor 
is currently 
in 


R(1) 
the reset state. RESOUT will remain active as long as 


1(0) 
RESIN remains active. 


P(O) 


PDTMR 
I/O 
A(L) 
H(WH) 
Power-Down 
TiMeR 
pin (normally 
connected 
to an 


R(Z) 
external capacitor! 
that determines 
the amount of time the 


P(WH) 
processors 
waits after an exit from Powerdown 
before 


I(WH) 
resuming 
normal (.peration. 
The duration 
of time required 


will depend on the startup characteristics 
of the crystal 


oscillator. 


NMI 
I 
A(E) 
- 
Non-Maskable 
In'terrupt 
input causes a TYPE-2 interrupt 


to be serviced 
by the CPU. NMI is latched 
internally. 


TEST/BUSY 
I 
A(E) 
- 
TEST is used during the execution 
of the WAIT instruction 
(TEST) 
to suspend 
CPU 0 Jeration until the pin is sampled 
active 


(LOW). TEST is al1ernately known as BUSY when 
interfacing 
with an 80C187 
numerics 
coprocessor 


(80C186EC 
only). 


A19/S6/0NCE 
I/O 
A(L) 
H(Z) 
This pin drives adc ress bit 19 during the address phase of 


R(WH) 
the bus cycle. During T2 and T3 this pin functions 
as 


1(0) 
status bit 6. S6 is low to indicate 
CPU bus cycles and high 


P(O) 
to indicate 
DMA or refresh bus cycles. During a processor 


reset (RESIN active) this pin becomes 
the ONCE input 


pin. Holding this pi 1low during reset will force the part into 
ONCE Mode. 


NOTE: 
Pin names in parentheses apply to the SOC1SSEC/S0l188EC. 


• 


Pin Name 
Pin 
Input 
Output 
Pin Description 
Type 
Type 
States 


A18/S5 
I/O 
A(L) 
H(Z) 
These pins drive address information 
during the address 
A17/S4 
R(WH) 
phase of the bus cycle. During T2 and T3 these pins drive 


A16/S3 
1(0) 
status information 
(which is always 0 on the 80C186EC). 


(A15:8) 
P(O) 
These pins are used as inputs during factory test; driving 
these pins low during reset will cause unspecified 
operation. 


On the 80C188EC. 
A 15:8 provide valid address 
information 


for the entire bus cycle. 


AD15/CAS2 
I/O 
S(L) 
H(Z) 
These pins are part of the multiplexed 
ADDRESS 
and DATA 
AD14/CAS1 
R(Z) 
bus. During the address 
phase of the bus cycle, address 
bits 


AD13/CASO 
1(0) 
15 through 
13 are presented 
on these pins and can be 


P(O) 
latched using ALE. Data information 
is transferred 
during the 


data phase of the bus cycle. Pins AD15:13/CAS2:0 
drive the 


82C59 slave address information 
during interrupt 


acknowledge 
cycles. 


AD12:0 
I/O 
S(L) 
H(Z) 
These pins provide a multiplexed 
ADDRESS 
and DATA bus. 


(AD7:0) 
R(Z) 
During the address 
phase of the bus cycle; address 
bits 0 


1(0) 
through 
12 (0 through 
7 on the 80C188EC) 
are presented 
on 


P(O) 
the bus and can be latched using ALE. Data information 
is 


transferred 
during the data phase of the bus cycle. 


S2:0 
0 
- 
H(Z) 
Bus cycle Status are encoded 
on these pins to provide 
bus 


R(1) 
transaction 
information. 
S2:0 are encoded 
as follows: 


1(1) 
P(1) 
S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Processor 
HAL T 
1 
0 
0 
Instruction 
Queue Fetch 


1 
0 
1 
Read Memory 


1 
1 
0 
Write Memory 
1 
1 
1 
Passive (No bus activity) 


ALE 
0 
- 
H(O) 
Address 
Latch Enable output is used to strobe address 


R(O) 
information 
into a transparent 
type latch during the address 


1(0) 
phase of the bus cycle. 


P(O) 


BHE 
0 
- 
H(Z) 
Byte High Enable output to indicate that the bus cycle in 
(RFSH) 
R(Z) 
progress 
is transferring 
data over the upper half of the data 


1(1) 
bus. BHE and AO have the following 
logical encoding: 


P(1) 


AO 
BHE 
Encoding 
(for 80C186EC/ 
80L 186EC only) 


0 
0 
Word transfer 
0 
1 
Even Byte transfer 


1 
0 
Odd Byte transfer 


1 
1 
Refresh operation 


On the 80C188EC/80L 
188EC, RFSH is asserted 
low to 
indicate 
a refresh bus cycle. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EC/80L 
188EC. 


2-196 


Pin Name 
Pin 
Input 
Output 
Pin Description 
Type 
Type 
States 


RD 
0 
- 
H(Z) 
ReaD output sigrals 
that the accessed 
memory or I/O 


R(Z) 
device should drive data information 
onto the data bus. 


1(1) 
P(1) 


WR 
0 
- 
H(Z) 
WRite output signals that data available 
on the data bus are 


R(Z) 
to be written into ':he accessed 
memory or I/O device. 


1(1) 
P(1) 


READY 
I 
A(L) 
- 
READY input to s gnal the completion 
of a bus cycle. READY 


S(L) 
must be active to terminate 
any 80C186EC 
bus cycle, unless 


(Note 1) 
it is ignored by correctly 
programming 
the Chip-Select 
unit. 


DEN 
0 
- 
H(Z) 
Data ENable outl=ut to control 
the enable of bi-directional 


R(Z) 
transceivers 
in a tuffered 
system. 
DEN is active only when 


1(1) 
data is to be transferred 
on the bus. 


P(1) 


DT/R 
0 
- 
H(Z) 
Data TransmitlR,!celve 
output controls 
the direction 
of a bi- 


R(Z) 
directional 
buffer ill a buffered 
system. 


I(X) 
P(X) 


LOCK 
I/O 
A(L) 
H(Z) 
LOCK output indicates 
that the bus cycle in progress 
is not 


R(Z) 
interruptable. 
The :>rocessor will not service other bus 


I(X) 
requests 
(such as -lOLD) while LOCK is active. This pin is 


P(X) 
configured 
as a weakly held high input while RESIN is active 


and must not be driven low. 


HOLD 
I 
A(L) 
- 
HOLD request input to signal that an external 
bus master 


wishes to gain con :rol of the local bus. The processor 
will 


relinquish 
control 
cf the local bus between 
instruction 


boundaries 
that am not LOCKed. 


HLDA 
0 
- 
H(1) 
HoLD Acknowled~eoutput to indicate that the processor 


R(O) 
has relinquished 
cc.ntrol of the local bus. When HLDA is 


1(0) 
asserted, 
the procE'ssor will (or has) floated 
its data bus and 


P(O) 
control 
signals allowing 
another 
bus master to drive the 


signals directly. 


NCS 
0 
- 
H(1) 
Numerics 
Coproc(!ssor 
Select output is generated 
when 


R(1) 
acessing 
a numerics 
coprocessor. 
This signal does not exist 


1(1) 
on the 80C188EC/BOL 
188EC. 


P(1) 


ERROR 
I 
A(L) 
- 
ERROR input that indicates 
the last numerics 
processor 


extension 
operatior 
resulted 
in an exception 
condition. 
An 
interrupt TYPE 16 iE generated 
if ERROR is sampled 
active 


at the beginning 
of a numerics 
operation. 
Systems 
not using 


an 80C187 must tie ERROR to Vcc. This signal does not 
exist on the 80C188EC/80L 
188EC. 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EC/801188EC. 


• 


intel~ 


Pin Name 
Pin 
Input 
Output 
Pin Description 
Type 
Type 
States 


PEREO 
I 
A(L) 
- 
Processor 
Extension 
REQuest 
signals that a data 


transfer 
between 
an 80C187 
Numerics 
Processor 


Extension 
and Memory is pending. Systems 
not using an 


80C187 must tie this pin to Vss. This signal does not exist 
on the 80C188EC/80L 
188EC. 


UCS 
0 
- 
H(1) 
Upper Chip Select will go active whenever 
the address of 


R(1) 
a memory or I/O bus cycle is within the address 
range 


1(1) 
programmed 
by the user. After reset, UCS is configured 
to 


P(1) 
be active for memory accesses 
between 
OFFCOOH and 


OFFFFFH. 


LCS 
0 
- 
H(1) 
Lower Chip Select will go active whenever 
the address of 


R(1) 
a memory or I/O bus cycle is within the address 
range 


1(1) 
programmed 
by the user. LCS is inactive after a reset. 


P(1) 


P1.0/GCSO 
0 
- 
H(X)/H(1) 
These pins provide a multiplexed 
function. 
If enabled, 
P1.1/GCS1 
R(1) 
each pin can provide a General 
purpose 
Chip Select 


P1.2/GCS2 
I(X)/1(1) 
output which will go active whenever 
the address of a 


P1.3/GCS3 
P(X)/P(1) 
memory or I/O bus cycle is within the address 
limitations 


P1.4/GCS4 
programmed 
by the user. When not programmed 
as a 


P1.5/GCS5 
Chip-Select, 
each pin may be used as a general purpose 


P1.6/GCS6 


output port. 


P1.7/GCS7 


TOOUT 
0 
- 
H(O) 
Timer OUTput pins can be programmed 
to provide single 
T10UT 
R(1) 
clock or continuous 
waveform 
generation, 
depending 
on 


1(0) 
the timer mode selected. 


P(X) 


TOIN 
I 
A(L) 
- 
Timer INput is lIsed either as clock or control 
signals, 


T11N 
A(E) 
depending 
on the timer mode selected. 
This pin may be 


either level or edge sensitive 
depending 
on the 


programming 
mode. 


INT7:0 
I 
A(L) 
- 
Maskable 
INTerrupt 
input will cause a vector to a specific 
A(E) 
Type interrupt 
routine. The INT6:0 pins can be used as 


cascade 
inputs from slave 8259A devices. The INT pins 


can be configured 
as level or edge sensitive. 


INTA 
0 
- 
H(1) 
INTerrupt 
Acknowledge 
output is a handshaking 
signal 


R(1) 
used by external 82C59A 
Programmable 
Interrupt 


1(1) 
Controllers. 


P(1) 


P3.5 
I/O 
A(L) 
H(X) 
Bidirectional, 
open-drain 
port pins. 
P3.4 
R(Z) 
I(X) 
H(X) 


P3.3/DMAI1 
0 
- 
H(X) 
DMA Interrupt 
output goes active to indicate that the 
P3.2/DMAIO 
R(O) 
channel 
has completed 
a transfer. 
DMAI1 and DMAIO are 


1(0) 
multiplexed 
with output only port functions. 


P(X) 


NOTE: 
Pin names 
in parentheses 
apply to the 80C188EC/80L188EC. 


Pin Name 
Pin 
Input 
Output 
Pin Description 
Type 
Type 
States 


P3.1/TXI1 
0 
- 
H(X)/H(O) 
Transmit 
Interr Jpt output goes active to indicate 
that 
R(O) 
serial channell 
has completed 
a transfer. 
TXI1 is 


1(0) 
multiplexed 
with an output only Port function. 


P(X) 


P3.0/RXI1 
0 
- 
H(X)/H(O) 
Receive 
Interrupt 
output goes active to indicate that 


R(O) 
serial channel 
1 las completed 
a reception. 
RXI1 is 


1(0) 
multiplexed 
with an output only port function. 


P(X) 


WDTOUT 
0 
- 
H(O) 
WatchDog 
TimE'r OUTput 
is driven low for four clock 


R(1) 
cycles when the Natchdog timer reaches zero. WDTOUT 


1(0) 
may be ANDed with the power-on 
reset signal to reset the 


P(X) 
processor 
when 1he watchdog 
timer is not properly 
reset. 


P2.7/CTSl 
I/O 
A(L) 
H(X) 
Clear-To-Send 
input is used to prevent the transmission 


P2.3/CTSO 
R(Z) 
of serial data on the TXD signal pin. CTS1 and CTSO are 


I(X) 
multiplexed 
with an I/O Port function. 


P(X) 


P2.6/BCLK1 
I/O 
A(L)/ 
H(X) 
Baud CLocK inp Jt can be used as an alternate 
clock 


P2.2/BCLKO 
A(E) 
R(Z) 
source for each of the integrated 
serial channels. 
The 


I(X) 
BCLK inputs are multiplexed 
with I/O Port functions. 
The 


P(X) 
BCLK input freqw3ncy cannot 
exceed % the operating 
frequency 
of the processor. 


P2.5/TXD1 
I/O 
A(L) 
H(O) 
Transmit 
Data output provides 
serial data information. 


P2.1/TXDO 
R(Z) 
The TXD outputs 
are multiplexed 
with I/O Port functions. 


I(X)/I(O) 
During synchronous 
serial communications, 
TXD will 


P(X) 
function 
as a cloc { output. 


P2.4/RXD1 
I/O 
A(L) 
H(X)/H{O) 
Receive 
Data input accepts 
serial data information. 
The 
P2.0/RXDO 
R{Z) 
RXD pins are multiplexed 
with I/O Port functions. 
During 


I{X)/I{O) 
synchronous 
seri~1 communications, 
RXD is bi-directional 


P(X) 
and will become 
an output for transmission 
of data (TXD 
becomes 
the cloc{). 


DR03:0 
I 
A{L) 
- 
DMA ReQuest 
input pins are used to request a DMA 


transfer. 
The timing of the request is dependent 
on the 
programmed 
synchronization 
mode. 


NOTES: 
1. READY 
is A(E) for the rising edge of ClKOUT, 
S(E) for the falling 
edge of GlKOUT. 


2. Pin names 
in parentheses 
apply to the 80C188EC/80l188EC. 


• 


Tables 3 and 4 list the pin names with package 
loca- 


tion for the 100-pin 
Plastic 
Quad 
Flat Pack (PQFP) 
component. 
Figure 4 depicts 
the PQFP package 
as 
viewed from the top side of the component 
(Le. con- 
tacts facing 
down). 


Tables 5 and 6 list the pin names with package 
loca- 
tion for the 100-pin EIAJ Quad Flat Pack (QFP) com- 
ponent. 
Figure 5 depicts the QFP package as viewed 


AD Bus 


Name 
Pin 


ADO 
73 


AD1 
72 


AD2 
71 


AD3 
70 


AD4 
66 


AD5 
65 


AD6 
64 


AD7 
63 
AD8 (A8) 
60 


AD9 (A9) 
59 


AD10 (A10) 
58 


AD11 (A11) 
57 


AD12 (A12) 
56 
AD13/CASO 
55 


(A13/CASO) 
AD14/CAS1 
54 


(A14/CAS1) 
AD15/CAS2 
53 


(A15/CAS2) 
A16/S3 
77 


A17/S4 
76 
A18/S5 
75 


A 19/56/0NCE 
74 


Tables 
7 and 8 list the pin names with package 
loca- 


tion for the 100-pin 
Shrink 
Quad 
Flat Pack (SQFP) 


component. 
Figure 6 depicts 
the SQFP package 
as 


viewed from the top side of the component 
(Le., con- 


tacts facing down). 


Bus Control 


Name 
Pin 


ALE 
52 
BHE (RFSH) 
51 
SO 
78 
S1 
79 
S2 
80 
RD 
50 
WR 
49 
READY 
85 
DEN 
47 
DTiA 
46 
LOCK 
48 
HOLD 
44 
HLDA 
45 
INTA 
34 


Power and Ground 


Name 
Pin 


Vcc 
13 
Vcc 
14 
Vcc 
38 
Vcc 
62 
Vcc 
67 
Vcc 
69 
Vcc 
86 
Vss 
12 
Vss 
15 
Vss 
37 
Vss 
39 
Vss 
61 
Vss 
68 
Vss 
87 


Processor 
Control 


Name 
Pin 


RESIN 
8 
RESOUT 
7 
CLKIN 
10 
OSCOUT 
11 
CLKOUT 
6 
TEST/BUSY 
83 
(TEST) 
PEREC) (Vss) 
81 
NCS (N.C.) 
35 
ERROR (Vccl 
84 
PDTM 
9 
NMI 
82 
INTO 
30 
INT1 
31 
INT2 
32 
INT3 
33 
INT4 
40 
INT5 
41 
INT6 
42 
INT7 
43 


I/O 


Name 
Pin 


UCS 
88 


LCS 
89 


P1.7/GCS7 
90 


P1.6/GCS6 
91 


P1.5/GCS5 
92 


P1,4/GCS4 
93 


P1.3/GCS3 
94 


P1.2/GCS2 
95 


P1.1/GCS1 
96 


P1.0/GCSO 
97 


P2.7/CTS1 
23 


P2.6/BCLK1 
22 


P2.5/TXD1 
21 


P2,4/RXD1 
20 


P2.3/CTSO 
19 


P2.2/BCLKO 
18 


P2.1/TXDO 
17 


P2.0/RXDO 
16 


P3.5 
29 


P3,4 
28 


P3.3/DMAI1 
27 


P3.2/DMAI0 
26 


P3.1/TXI1 
25 


P3.0/RXI1 
24 


TOIN 
3 


TOOUT 
2 


T11N 
5 


T10UT 
4 


DRQO 
98 


DRQ1 
99 


DRQ2 
100 


DRQ3 
1 


WDTOUT 
36 


Pin 
Name 


1 
DRQ3 
2 
TOOUT 
3 
TOIN 
4 
T10UT 
5 
T11N 
6 
CLKOUT 
7 
RESOUT 
8 
RESIN 
9 
PDTMR 


10 
CLKIN 


11 
OSCOUT 


12 
VSS 


13 
VCC 
14 
VCC 
15 
VSS 
16 
P2.0/RXDO 


17 
P2.1/TXDO 
18 
P2.2/SCLKO 
19 
P2.3/CTSO 
20 
P2.4/RXD1 
21 
P2.5/TXD1 
22 
P2.6/SCLK1 


23 
P2.7/CTS1 


24 
P3.0/RX11 


25 
P3.1/TX11 


Pin 
Name 


26 
DMAI0/P3.2 
27 
DMAI1/P3.3 
28 
P3.4 


29 
P3.5 
30 
INTO 
31 
INT1 
32 
INT2 
33 
INT3 
34 
INTA 
35 
NCS (N.C.) 
36 
WDTOUT 
37 
Vss 
38 
Vcc 
39 
VSS 
40 
INT4 
41 
INT5 
42 
INT6 
43 
INT7 
44 
HOLD 
45 
HLDA 
46 
DT/R 
47 
DEN 
48 
LOCK 
49 
WR 
50 
RD 


Pin 
Name 


51 
SHE (RFSH) 
52 
ALE 
53 
AD15 (A15) 
54 
AD14 (A14) 
55 
AD13 (A13) 
56 
AD12 (A12) 
57 
AD11 (A11) 
58 
AD10 (A10) 
59 
AD9(A9) 
60 
AD8(A8) 
61 
VSS 
62 
Vcc 
63 
AD7 
64 
AD6 
65 
AD5 
66 
AD4 
67 
VCC 
68 
VSS 
69 
VCC 
70 
AD3 
71 
AD2 
72 
AD1 
73 
ADO 
74 
A 19/56/0NCE 
75 
A18/S5 


Pin 
Name 


76 
A17/S4 


77 
A16/S3 


78 
SO 


79 
S1 


80 
S2 


81 
PEREQ (VSS) 


82 
NMI 


83 
TEST 


84 
ERROR (VCC> 


85 
READY 


86 
Vcc 


87 
VSS 


88 
UCS 


89 
LCS 


90 
P1.7/GCS7 


91 
P1.6/GCS6 


92 
P1.5/GCS5 


93 
P1.4/GCS4 


94 
P1.3/GCS3 


95 
P1.2/GCS2 


96 
P1.1/GCS1 


97 
P1.0/GCSO 


98 
DRQO 


99 
DRQ1 


100 
DRQ2 


DRQ3 


TOOUT 


TOIN 


Tl0UT 


TllN 


CLKOUT 


REsOUT 


RESIN 
PDH.4R 


CLKIN 


OsCOUT 
VSS 
VCC 
VCC 
VSS 
P2.0/RXDO 


P2.1/TXDO 


P2.2/SCLKO 


P2.3/CTsO 


P2.4/RXD 
1 


P2.5/TXD 
1 


P2.6/SCLK 
1 


P2. 7 /CTs 
1 


P3.0/RXII 


P3.1/TXI1 


NOTE: 
This is the FPO number 
location 
(indicated 
by X's). 


intel~ 


AIS/s5 


A19/s6/0NCE 


ADO 


AD1 


AD2 


AD3 


VCC 
Vss 
VCC 
AD4 


AD5 


AD6 
AD7 


VCC 
Vss 
ADS (AS) 


AD9 
(A9) 


AD10 
(AIO) 


AD11 
(AI1) 


AD12 
(An) 


AD 13/CAsO 
(A 13/CAsO) 


AD 14/CAs 
1 (A 14/CAs 
1) 


AD 15/CAs2 
(A 15/CAs2) 


ALE 


SHE (RFsH) 


--- 
~ 
U5 


Name 
Pin 


ADO 
76 
AD1 
75 
AD2 
74 
AD3 
73 
AD4 
69 
AD5 
68 
AD6 
67 
AD7 
66 
AD8(A8) 
63 
AD9 (A9) 
62 
AD10 (A10) 
61 
AD11 (A11) 
60 
AD12 (A12) 
59 
AD13/CASO 
58 
(A13/CASO) 
AD14/CAS1 
57 


(A14/CAS1) 
AD15/CAS2 
56 


(A15/CAS2) 
A16/S3 
80 
A17/S4 
79 
A18/S5 
78 
A 19/56/0NCE 
77 


BuS Control 


Name 
Pin 


ALE 
55 
BHE (RFSH) 
54 
SO 
81 
S1 
82 
S2 
83 
RD 
53 
WR 
52 
READY 
88 
DEN 
50 
DTiA 
49 
LOCK 
51 
HOLD 
47 
HLDA 
48 
INTA 
37 


Power and Ground 


Name 
Pin 


Vee 
16 


Vee 
17 


Vee 
41 


Vee 
65 


Vee 
70 


Vee 
72 


Vee 
89 


Vss 
15 


Vss 
18 


Vss 
40 


Vss 
42 


Vss 
64 


Vss 
71 


Vss 
90 


Procef;sor Control 


Name 
Pin 


RESIN 
11 
RESOUT 
10 
CLKIN 
13 
OSCOUT 
14 
CLKOUT 
9 
TEST/BUSY 
86 
(TEST) 


PEREQ ':Vss) 
84 
NCS(N.C.) 
38 
ERROR 
(Vecl 
87 
PDTMR 
12 
NMI 
85 


INTO 
33 
INT1 
34 
INT2 
35 
INT3 
36 
INT4 
43 
INT5 
44 
INT6 
45 
INT7 
46 


- 


110 


Name 
Pin 


DCS 
91 


LCS 
92 


P1.7/GCS7 
93 


P1.6/GCS6 
94 


P1.5/GCS5 
95 


P1.4/GCS4 
96 


P1.3/GCS3 
97 


P1.2/GCS2 
98 


P1.1/GCS1 
99 


P1.0/GCSO 
100 


P2.7/CTS1 
26 


P2.6/BCLK1 
25 


P2.5/TXD1 
24 


P2.4/RXD1 
23 


P2.3/CTSO 
22 


P2.2/BCLKO 
21 


P2.1/TXDO 
20 


P2.0/RXDO 
19 


P3.5 
32 


P3.4 
31 


P3.3/DMAI1 
30 


P3.2/DMAI0 
29 


P3.1/TXI1 
28 


P3.0/RXI1 
27 


TOIN 
6 


TOOUT 
5 


T11N 
8 


T10UT 
7 


DRQO 
1 


DRQ1 
2 


DRQ2 
3 


DRQ3 
4 


WDTOUT 
39 


• 


Pin 
Name 


1 
DRQO 
2 
DRQ1 
3 
DRQ2 


4 
DRQ3 
5 
TOOUT 
6 
TOIN 
7 
T10UT 
8 
T11N 
9 
CLKOUT 
10 
RESOUT 
11 
RESIN 
12 
PDTMR 
13 
CLKIN 
14 
OSCOUT 
15 
VSS 
16 
Vee 
17 
Vee 
18 
VSS 
19 
P2.0/RXDO 
20 
P2.1/TXDO 
21 
P2.2/SCLKO 
22 
P2.3/CTSO 
23 
P2.4/RXD1 
24 
P2.5/TXD1 
25 
P2.6/SCLK1 


Pin 
Name 


26 
P2.7/CTS1 
27 
P3.0/RXI1 
28 
P3.1/TXI1 
29 
DMAI0/P3.2 
30 
DMAI1/P3.3 
31 
P3.4 


32 
P3.5 
33 
INTO 
34 
INT1 
35 
INT2 
36 
INT3 
37 
INTA 
38 
NCS(N.C.) 
39 
WDTOUT 
40 
VSS 
41 
Vee 
42 
VSS 
43 
INT4 
44 
INT5 
45 
INT6 
46 
INT7 
47 
HOLD 
48 
HLDA 
49 
DT/R 
50 
DEN 


Pin 
Name 


51 
LOCK 
52 
WR 
53 
RD 
54 
SHE (RFSH) 
55 
ALE 
56 
AD15 (A15) 
57 
AD14 (A14) 
58 
AD13 (A13) 
59 
AD12 (A12) 
60 
AD11 (A11) 
61 
AD10 (A10) 
62 
AD9 (A9) 
63 
AD8 (A8) 
64 
VSS 
65 
Vee 
66 
AD7 
67 
AD6 
68 
AD5 
69 
AD4 
70 
Vee 
71 
VSS 
72 
Vee 
73 
AD3 
74 
AD2 
75 
AD1 


- Name - 
Pin 


76 
ADO 


77 
A19/S6/0NCE 


78 
A18/S5 


79 
A17/S4 


80 
A16/S3 


81 
SO 


82 
S1 


83 
S2 


84 
PEREQ(VSS) 


85 
NMI 


86 
TEST 


87 
ERROR (Vecl 


88 
READY 


89 
. Vee 


90 
VSS 


91 
UCS 


92 
LCS 


93 
P1.7/GCS7 


94 
P1.6/GCS6 


95 
P1.5/GCS5 


96 
P1.4/GCS4 


97 
P1.3/GCS3 


98 
P1.2/GCS2 


99 
P1.1/GCS1 


100 
P1.0/GCSO 
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-- 
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VI 
v' 
- 
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A16/S3 
~ 
" 
0 
A 17 /S4 
2'. 
DROl 


cS" 
DR02 
A1B/SS 
." 
::> 


A19/S6/0NCE 
ca 
:r 


DR03 


C 
a. 
TOOUT 
ADO 
..• 
o· 
TOIN 
AD1 
ID 
2'. 


Ul 
<D 
Tl0UT 
AD2 
a. 
0 
C" 
TlIN 
AD3 
C 
'< 
CLKOUT 
VCC 
DI 
X 
C. 
!f, 
RESOUT 
VSS 
." 
RESIN 
VCC 
iii.• 
PDTMR 
AD4 
" 


X 
(J) 


CLKIN 
--l 
X 
CO 
ADS 
DI 
X 
0 
n 
OSCOUT 
0 
AD6 
~ 
-0 
~ 0 
Iii 


VSS 
< 
X 
- 
AD7 
X 
CO 
:; 


VCC 
;;; 
X 
0> 
VCC 
VCC 
~ 
X 
." 
VSS 
.=: 
>0 


" 


VSS 
N 
ADB (AB) 


:i" 
P2.0/RXDO 
~O 
AD9 (A9) 
••• 
t'l 
AD10 
(Al0) 
C 
P2.1/TXDO 
2 
0 
.• 
P2.2/SCLKO 
0 
AD11 
(All) 
(') 
C 
E 
..•. 


jij" 
P2.3/CTSO 
AD12 
(A12) 
CD 
Ol 
lQ 
P2.4/RXDl 
AD13/CASO 
(A 13/CASO) 
m 
..• 
DI 
P2.S/TXDl 
AD14/CAS 
1 (A 14/CAS 
1) 
(') 
3 
P2.6/SCLKl 
AD1S/CAS2 
(AIS/CAS2) 


.........•. 


P2.7 /CTS 1 
ALE 
CD 


P3.0/RXll 
SHE (RFSH) 


CDm 


P3. 1/TXI 1 
Ro 
~(') 


DMAIO/P3.2 
WR 
CD 


DMAI1/P3.3 
LOCK 
0 


VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
•. 
.•• 
.•• 
•. 
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.•••• .•••• .•••. .•••• •. 
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CD 


0 
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m 
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(') 


AD Bus 


ADO 
73 


AD1 
72 


AD2 
71 
AD3 
70 
AD4 
66 
AD5 
65 


AD6 
64 


AD7 
63 


AD8(A8) 
60 
AD9(A9) 
59 
AD10 (A10) 
58 
AD11 (A11) 
57 
AD12 (A12) 
56 
AD13 (A13) 
55 
AD14 (A14) 
54 
AD15 (A15) 
53 
A16 
77 
A17 
76 
A18 
75 
A19/0NCE 
74 


Bus Control 


ALE 
52 
BHE(RFSH) 
51 
SO 
78 
S1 
79 
52 
80 
RD 
50 
WR 
49 
READY 
85 
DT/R 
46 
DEN 
47 
LOCK 
48 
HOLD 
44 
HLDA 
45 


Processor 
Control 


RESIN 
8 
RESOUT 
7 
CLKIN 
10 
OSCOUT 
11 
CLKOUT 
6 
TEST/BUSY 
83 
NMI 
82 
INTO 
30 
INT1 
31 
INT2 
32 
INT3 
33 
INT4 
40 
INT5 
41 


INT6 
42 
INT7 
43 
INTA 
34 
PEREQ(Vcd 
81 
ERROR (Vss) 
84 
NCS (N.C.) 
35 
PDTMR 
9 


Power and Ground 


Vcc 
13 


Vcc 
14 


Vcc 
38 


Vcc 
62 


Vcc 
67 


Vcc 
69 


Vcc 
86 


Vss 
12 


Vss 
15 


Vss 
37 


Vss 
39 


Vss 
61 


Vss 
68 


Vss 
87 


1/0 


UCS 
81 


LCS 
89 


P1.0/GCSO 
97 


P1.1/GCS1 
96 


P1.2/GCS2 
95 


P1.3/GCS3 
94 


P1.4/GCS4 
93 


P1.5/GCS5 
92 


P1.6/GCS6 
91 


P1.7/GCS7 
90 


P2.0/RXDO 
16 


P2.1/TXDO 
17 


P2.2/BCLKO 
18 


P2.3/CTSO 
19 


P2.4/RXD1 
20 


P2.5/TXD1 
21 


P2.6/BCLK1 
22 


P2.7/CTS1 
23 


P3.0/RXI1 
24 


P3.1/TXI1 
25 


P3.2/DMAI0 
26 


P3.3/DMAI1 
27 


P3.4 
28 


P3.5 
29 


DRQO 
98 


DRQ1 
99 


DRQ2 
100 


DRQ3 
1 


TOIN 
3 


TOOUT 
5 


T11N 
2 


TlOUT 
4 


WDTOUT 
36 


intel~ 


Pin 
Name 


1 
DRQ3 
2 
TOOUT 


3 
TOIN 
4 
T10UT 
5 
T11N 


6 
CLKOUT 
7 
RESOUT 
8 
RESIN 
9 
PDTMR 
10 
CLKIN 
11 
OSCOUT 
12 
VSS 
13 
VCC 
14 
VCC 


15 
VSS 


16 
P2.0/RXDO 


17 
P2.1/TXDO 


18 
P2.2/BCLKO 
19 
P2.3/CTSO 
20 
P2.4/RXD1 
21 
P2.5/TXD1 
22 
P2.6/BCLK1 
23 
P2.7/CTS1 
24 
P3.0/RXI1 
25 
P3.1/TXI1 


Pin 
Name 


26 
P3.2/DMAI0 


27 
P3.3/DMAI1 


28 
P3,4 


29 
P3.5 
30 
INTO 


31 
INT1 
32 
INT2 
33 
INT3 
34 
INTA 
35 
NSC(N.C.) 
36 
WDTOUT 
37 
VSS 
38 
VCC 
39 
VSS 
40 
INT4 
41 
INT5 
42 
INT6 
43 
INT? 
44 
HOLD 
45 
HLDA 
46 
DT/R 
47 
DEN 
48 
LOCK 
49 
WR 
50 
RD 


Pin 
Name 


51 
BHE(RFSH) 


52 
ALE 


53 
AD15 (A15) 
54 
AD14 (A14) 


55 
AD13 (A13) 


56 
AD12 (A12) 


57 
AD11 (A11) 


58 
AD10 (A10) 


59 
AD9(A9) 


60 
AD8 (A8) 


61 
VSS 
62 
VCC 
63 
AD7(A7) 


64 
AD6 (A6) 
65 
AD5 
66 
AD4 
67 
VCC 
68 
VSS 
69 
VCC 
70 
AD3 
71 
AD2 
72 
AD1 
73 
ADO 


74 
A19/0NCE 
75 
AD18 


Pin 
Name 


76 
A17 


77 
A16 


78 
SO 


79 
S1 


80 
S2 


81 
PEREQ(Vcd 


82 
MNI 


83 
TEST/BUSY 
(TEST) 


84 
ERROR (VSS) 


85 
READY 


86 
VCC 


87 
VSS 


88 
UCS 


89 
LCS 


90 
P1.7/GCS7 


91 
P1.6/GS6 
92 
P1.5/GCS5 


93 
P1.4/GCS4 


94 
P1.3/GCS3 


95 
P1.2/GCS2 


96 
P1.1/GCS1 


97 
P1.0/GCSO 


98 
DRQO 


99 
DRQ1 


100 
DRQ2 


DRQ3 


TOOUT 


TOIN 


T10UT 


TllN 


ClKOUT 


RESOUT 


RESIN 


PDTMR 


ClKIN 


OSCOUT 
Vss 
Vcc 
Vcc 
Vss 


PZ.O/RXDO 


PZ.1/TXDO 


PZ.Z/BClKO 


PZ.3/CTSO 


PZ.4/RXDl 


PZ.5/TXDl 


PZ.6/BClKl 


PZ.7 /CTSl 


P3.0/RXll 


P3. 1/TXll 


o <''''I 


Z 1"'1"'10 
...JO ......••..•.•.• 
u~O::: 


O...J~OO 
::I:::::I:C 
...J 


NOTE: 
This is the FPO number 
location 
(indicated 
by X's) 


A18/S5 


A19/S6/0NCE 


ADO 
ADI 


ADZ 


AD3 


VCC 
Vss 
VCC 
AD4 


AD5 


AD6 


AD7 


VCC 
Vss 
AD8 
(A8) 


AD9 
(A9) 


AD10 
(AIO) 


ADll 
(All) 


ADIZ 
(AIZ) 


AD 13/CASO 
(A 13) 


ADI4/CASl 
(A14) 


AD 15/CASZ 
(A 15) 


ALE 


BHE 


;,fti.""1,",, VVL.. IOOC::\J 
,:; :;lJtlClTleoToroperation 
when TC (the case temperature) is within the range 
of - 40·e to + 100·e. TC may be measured in any 
environment to determine whether the processor is 
within the specified operating range. The case tem- 
perature must be measured at the center of the top 
surface. 


Typical values for 8CA at various airflows are given 
in Tabl3 9. P (the maximum power consumption- 
specified in Watts) is calculated by using the maxi- 
mum Icc and Vcc of 5.5V. 


Table 9. Thermal Resistance (8CA) at Various Airflows (In ·e/Watt) 


Airflow In ft/mln (m/sec) 


0 
200 
400 
600 
800 
1000 


(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


8CA(PQFP) 
27.0 
22.0 
18.0 
15.0 
14.0 
13.5 


8CA(QFP) 
64.5 
55.5 
51.0 
TBD 
TBD 
TBD 


8CA (SQFP) 
62.0 
TBD 
TBD 
TBD 
TBD 
TBD • 


Absolute Maximum Ratings 


Storage Temperature 
- 65·C to + 150·C 


Case Temperature 
Under Bias 
- 65·C to + 100·C 


Supply Voltage 


with Respect 
to Vss 
-O.5V 
to + 6.5V 


Voltage 
on Other 
Pins 


with Respect 
to Vss 
- O.5V to Vcc + O.5V 


Power 
and 
ground 
connections 
must 
be made 
to 


multiple 
Vcc 
and Vss pins. Every 80C186EC-based 


circuit 
board 
should 
include 
separate 
power 
(Vccl 


and 
ground 
(Vss) 
planes. 
Every 
Vcc 
pin must 
be 


connected 
to the 
power 
plane, 
and every 
Vss 
pin 


must be connected 
to the ground 
plane. 
Liberal de- 


coupling 
capacitance 
should 
be 
placed 
near 
the 


processor. 
The processor 
can cause transient 
pow- 


er surges when its output 
buffers 
transition, 
particu- 


larly when connected 
to large capacitive 
loads. 


NOTICE: This data sheet contains 
preliminary infor- 


mation on new products in production. The specifica- 
tions am subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Low 
inductance 
capacitors 
and 
interconnects 
are 


recommended 
for best high frequency 
electrical 
per- 


formance. 
Inductance 
is reduced 
by placing 
the de- 


coupling 
capacitors 
as close as possible 
to the proc- 


essor Vcc 
and Vss package 
pins. 


Always 
connect 
any unused 
input to an appropriate 


signal 
level. 
In particular, 
unused 
interrupt 
inputs 


(NMI, INTO:?) should be connected 
to VSS through 
a 


pull-down 
resistor. 
Leave any unused 
output 
pin un- 


connected. 


~Ilill!! 11.0IiiJO 001i\00'If I 


Symbol 
Parameter 
Mln 
IlIIax 
Units 
Notes 


VCC 
Supply Voltage 
4.5 
5.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.:3 VCC 
V 


VIH 
Input High Voltage 
0.7 VCC 
Vcc: + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 3 mA (Min) 


VOH 
Output High Voltage 
VCC - 
0.5 
V 
IOH = - 2 mA (Min) 


VHYR 
Input Hysteresis 
on RESIN 
0.5 
V 


III 
Input Leakage Current for Pins: 
:t: 15 
/loA 
Os VIN s VCC 


AD15:0 (AD7:0, A15:8), READY, 
HOLD, RESIN, 
CLKIN, TEST IBUSY, 
NMI, INT7:0, 
TOIN, T1IN, P2.7-P2.0, 
P3.5-P3.0, 
DRQ3:0, 
PEREQ, ERROR 


ILiU 
Input Leakage for Pins with Pullups 
-0.275 
-5 
mA 
VIN = 0.7Vcc 


Active 
During Reset: 
(Note 1) 
A19:16, 
LOCK 


ILO 
Output Leakage for Floated Output 
:t: 15 
/loA 
0.45 s VOUT s VCC 
Pins 
(Note 2) 


Icc 
Supply Current Cold (in RESET) 
(Note 3) 
80C186EC20 
100 
mA 
80C186EC13 
70 
mA 


110 
Supply Current in Idle Mode 
(Note 4) 
80C186EC20 
76 
mA 
80C186EC13 
50 
mA 


Ipo 
Supply Current in Powerdown 
Mode 
(Note 5) 
80C186EC20 
100 
/loA 
80C186EC13 
100 
/loA 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 6) 


NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vcc. and temperature with ALL outputs loaded as 
specified in AC Test Conditions. and all floating outputs driven to Vcc or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency. Vcc. and temperature with ALL 
outputs loaded as specified in AC Test Conditions. and all floating outputs dri/en to Vcc or GNO. 
5. Measured with the device in HALT (Powerdown Mode active) and at womt case frequency. Vcc. and temperature with 
ALL outputs loaded as specified in AC Test Conditions. and all floating outputs driven to Vcc or GNO. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Vcc 
Supply Voltage 
2.7 
5.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.3 VCC 
V 


VIH 
Input High Voltage 
0.7 VCC 
VCC + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 3 mA (Min) 


VOH 
Output High Voltage 
VCC- 
0.5 
V 
IOH = - 2 mA (Min) 


VHYR 
Input Hysteresis 
on RESIN 
0.5 
V 


III 
Input Leakage Current for Pins: 
±15 
,.,.A 
o S; VIN S; VCC 


AD15:0 
(AD7:0, A15:8), READY, 
HOLD, RESIN, CLKIN, 
TEST IBUSY, 
NMI, INT7:0, 
TOIN, T1IN, P2.7-P2.0, 
P3.5-P3.0, 
DRQ3:0, PEREQ, ERROR 


ILiU 
Input Leakage for Pins with Pullups 
-0.275 
-5 
mA 
VIN = 0.7Vcc 


Active During Reset: 
(Note 1) 
A19:16, 
LOCK 


ILO 
Output Leakage for Floated Output 
±15 
,.,.A 
0.45 S; VOUT S; VCC 


Pins 
(Note 2) 


Icc 
Supply Current Cold (in RESET) 
(Note 3) 


80L 186EC-13 
36 
mA 


110 
Supply Current in Idle Mode 
(Note 4) 


80C186EC-13 
24 
mA 


IpD 
Supply Current in Powerdown 
Mode 
(Note 5) 


80C186EC-13 
30 
,.,.A 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
'15 
pF 
TF = 1 MHz (Note 6) 


NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vcc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vcc, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 


lee versus Frequency 
and Voltage 


The Icc consumed by the processor is composed of 
two components: 
1. Ipo- The quiescent current that represents inter- 


nal device leakage. Measured with all inputs at 
either Vcc or ground and no clock applied. 


2. Iccs- 
The switching current used to charge and 


discharge internal parasitic capacitance when 
changing logic levels. Iccs is related to both the 
frequency of operation and the device supply 
voltage (Vcd. Iccs is given by the formula: 


Power = V • I = V2 • COEV • f 


... Ices 
= V • COEV • f 


Where: 
V = Supply Voltage (Vcd 
COEV= Device Capacitance 
f = Operating Frequency 


Measuring Cpo on a device like the 80C186EC 
would be difficult. Instead, Cpo is calculated using 
the above formula with Icc values measured at 
known Vcc and frequency. Using the Cpo value, the 
user can calculate Icc at any voltage and frequency 
within the specified operating range. 


Ice = Ipo + Ices 


= 0.1 mA + 5.2V • 0.77 • 14 MHz 


= 56.2 mA 


PDTMI::tPin Delay Calculation 


The PD--MR pin provides a delay between the as- 
sertion I)f NMI and the enabling of the internal 
clocks when exiting Powerdown Mode. A delay is 
required only when using the on chip oscillator to 
allow thEIcrystal or resonator circuit to stabilize. 


NOTE: 
The PDTMR pin function does not apply when 
RESIN in asserted (Le. a device reset while in Pow- 
erdown s similar to a cold reset and RESIN must 
remain active until after the oscillator has stabilized. 


To calculate the value of capacitor to use to provide 
a desired delay, use the equation: 


t = desired delay in seconds 
CPO= capacitive load on PDTMR in microfarads 


Exampl(l. For a delay of 300 P.s, a capacitor value of 
Cpo = 440 x (300 x 10-6 = 0.132 p.Fis required. 
Round up to a standard (available) capacitor value. 


NOTE: 
The above equation applies to delay time longer 
than 10 p.s and will compute the TYPICAL capaci- 
tance needed to achieve the desired delay. A delay 
variance of +50% 
to -25% 
can occur due to 


temperature, 
voltage, 
and 
device 
process 
ex- 


tremes. In general, higher Vcc and/or lower tem- 
perature:; will decrease delay time, while lower Vcc 
and/or higher temperature will increase delay time. 


Parameter 
Typical 
Max 
Units 
Notes 


CPD 
0.77 
1.37 
mAN·MHz 
1,2 


CPD (Idle Mode) 
0.55 
0.96 
mAN· MHz 
1,2 


NOTES: 
1. Maximum 
CPO is measured 
at -40·C 
with all outputs 
loaded 
as specified 
in the AC test conditions 
and the device 
in reset 
(or Idle Mode). 
Due to tester 
limitations, 
CLKOUT 
and OSCOUT 
also have 50 pF loads that increase 
Ice by V·C·F. 
2. Typical 
CPO is calculated 
at 25·C assuming 
no loads 
on CLKOUT 
or OS:;OUT 
and the device 
in reset 
(or Idle Mode). 
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Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Unit 
Notes 


INPUT CLOCK 
20 MHz 
13 MHz 


TF 
CLKIN Frequency 
0 
40 
0 
26 
MHz 
1 
TC 
CLKIN Period 
25 
00 
38.5 
00 
ns 
1 
TCH 
CLKIN High Time 
10 
00 
12 
00 
ns 
1,2 
TCL 
CLKIN Low Time 
10 
00 
12 
00 
ns 
1,2 
TCR 
CLKIN Rise Time 
1 
10 
1 
10 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
10 
1 
10 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
17 
0 
23 
ns 
1,4 
T 
CLKOUT 
Period 
2 'TC 
2' 
TC 
ns 
1 


TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 (T/2) + 5 (T/2)-5 
(T/2) + 5 
ns 
1 


TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 (T/2) + 5 (T/2)-5 
(T/2) + 5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
6 
1 
6 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
6 
1 
6 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOV1 ALE, S2:0, DEN, DT IR, 
3 
20 
3 
25 
ns 
1,4,6,7 


SHE (RFSH), LOCK, A19:16 


TCHOV2 GCS7:0, LCS, DCS, 
3 
23 
3 
30 
ns 
1,4,6,8 


RD, WR, NCS, WDTOUT 


TCLOV1 SHE (RFSH), DEN, LOCK, RESOUT, 
3 
20 
3 
25 
ns 
1,4,6 


HLDA, TOOUT, T10UT 


TCLOV2 RD, WR, GSC7:0, LCS, UCS, AD15:0 
3 
23 
3 
30 
ns 
1,4,6 


(AD7:0, A15:8), NCS,INTA, 
S2:0, A19:16 


TCHOF 
RD, WR, SHE (RFSH), DT IR, LOCK, 
0 
25 
0 
30 
ns 
1 


S2:0, A19:16 


TCLOF 
DEN, AD15:0 
(AD7:0, A15:8) 
0 
25 
0 
30 
ns 
1 


INPUT REQUIREMENTS 


TCHIS 
TEST, NMI, T11N, TOIN, READY, 
10 
10 
ns 
1,9 


CTS1 :0, SCLK1 :0, P3.4, P3.5 


TCHIH 
TEST, NMI, T11N, TOIN, READY, 
3 
3 
ns 
1,9 


CTS1 :0, SCLK1 :0, P3.4, P3.5 


TCLIS 
AD15:0 
(AD7:0), READY 
10 
10 
ns 
1,10 


TCLIH 
AD15:0 
(AD7:0), READY 
3 
3 
ns 
1,10 


TCLIS 
HOLD, RESIN, PEREQ, ERROR, 
DRQ3:0 
10 
10 
ns 
1,9 


TCLIH 
HOLD, RESIN, REREQ, ERROR, DRQ3:0 
3 
3 
ns 
1,9 


NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time. VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by TC. TCHand TCL. 
4. Specified for a 50 pF load. see Figure 14 for capacitive derating information. 
5. Specified for a 50 pF load. see Figure 15 for rise and fall times outside 50 pF. 
6. See Figure 15 for rise and fall times. 
7. TCHOV1applies to SHE (RFSH). LOCK and A19:16 only after a HOLD release. 
8. TCHOV2applies to Rl5 and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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Symbol 
Parameter 
Uln 
Max 
Unit 
Notes 


INPUT CLOCK 
13 MHz 


TF 
CLKIN Frequency 
0 
26 
MHz 
1 


TC 
CLKIN Period 
3S.5 
00 
ns 
1 


TCH 
CLKIN High Time 
'15 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
'15 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
10 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
10 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
:> 
20 
ns 
1,4 


T 
CLKOUT 
Period 
2· 
TC 
ns 
1 


TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 


TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 


TpR 
CLKOUT 
Rise Time 
I 
10 
ns 
1,5 


TpF 
CLKOUT 
Fall Time 
I 
10 
ns 
1,5 


OUTPUT 
DELAYS 


TCHOV1 
S2:0, DT IR, SHE, LOCK 
:1 
28 
ns 
1,4,6,7 


TCHOV2 
LCS, UCS, DEN, A19:16, 
RD, WR, NCS, 
:J 
32 
ns 
1,4,6,8 


WDTOUT, 
ALE 


TCHOV3 
GCS7:0 
~l 
34 
ns 
1,4,6 


TCLOV1 
LOCK, RESOUT, 
HLDA, TOOUT, T10UT 
~I 
28 
ns 
1,4,6 


TCLOV2 
RD, WR, AD15:0 (AD7:0, A 15:8), SHE 
3 
32 
ns 
1,4,6 
(RFSH), NCS, INT A, DEN 


TCLOV3 
GSC7:0, LCS, UCS 
:: 
34 
ns 
1,4,6 


TCLOV4 
S2:0, A19:16 
3 
37 
ns 
1,4,6 


TCHOF 
RD, WR, SHE (RFSH), DT IR, LOCK, 
0 
30 
ns 
1 
S2:0, A19:16 


TCLOF 
DEN, AD15:0 (AD7:0, A 15:8) 
0 
35 
ns 
1 


INPUT REQUIREMENTS 


TCHIS 
TEST, NMI, T11N, TOIN, READY, 
20 
ns 
1,9 
CTS1 :0, SCLK1 :0, P3.4, P3.5 


TCHIH 
TEST, NMI, T11N, TOIN, READY, 
3 
ns 
1,9 
CTS1 :0, SCLK1 :0, P3.4, P3.5 


TCLIS 
AD15:0 
(AD7:0), READY 
2C 
ns 
1,10 


TCLIH 
AD15:0 
(AD7:0), READY 
3 
ns 
1,10 


TCLIS 
HOLD, RESIN, PEREQ, ERROR, 
DRQ3:0 
20 
ns 
1,9 


TCLIH 
HOLD, RESIN, REREQ, ERROR, 
DRQ3:0 
3 
ns 
1,9 


NOTES: 
1. See AC Timing 
Waveforms, 
for waveforms 
and definition. 
2. Measure 
at VIH for high time. VIL for low time. 


3. Only required 
to guarantee 
Icc. 
Maximum 
limits are bounded 
by Tc, TCH ,md TCL. 


4. Specified 
for a 50 pF load, see Figure 
14 for capacitive 
derating 
informati 
)n. 


5. Specified 
for a 50 pF load. see Figure 
15 for rise and fall times 
outside 
50 pF. 


AC Characteristics-80L 
186EC (Continued) 


NOTES: 
6. See Figure 15 for rise and fall times. 
7. TCHOV1 
applies to SHE (RFSH), IT5CK and A19:16 only after a HOLD release. 
8. TCHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


RELATIVE 
TIMINGS 


TLHLL 
ALE Active Pulse Width 
T - 
15 
ns 


TAVLL 
AD Valid Setup before ALE Falls 
%T - 
10 
ns 


TpLLL 
Chip Select Valid before ALE Falls 
%T - 
10 
ns 
1 


TLLAX 
AD Hold after ALE Falls 
%T - 
10 
ns 


TLLWL 
ALE Falling to WR Falling 
%T - 
15 
ns 
1 


TLLRL 
ALE Falling to RD Falling 
%T - 
15 
ns 
1 


TWHLH 
WR Rising to Next ALE Rising 
%T - 
10 
ns 
1 


TAFRL 
AD Float to RD Falling 
0 
ns 


TRLRH 
RD Active Pulse Width 
2T - 
5 
ns 
2 


TWLWH 
WR Active Pulse Width 
2T - 
5 
ns 
2 


TRHAX 
RD Rising to Next Address 
Active 
T - 
15 
ns 


TWHDX 
Output Data Hold after WR Rising 
T - 
15 
ns 


TWHPH 
WR Rise to Chip Select Rise 
%T - 
10 
ns 
1 


TRHPH 
RD Rise to Chip Select Rise 
%T - 
10 
ns 
1 


TpHPL 
Chip Select Inactive to Next Chip 
%T - 
10 
ns 
1 
Select Active 


TOVRH 
ONCE Active Setup to RESIN Rising 
T 
ns 


TRHOX 
ONCE Hold after RESIN Rise 
T 
ns 


TIHIL 
INTA High to Next INTA Low 
4T - 
5 
ns 
4 
during INTA Cycle 


TILIH 
INTA Active Pulse Width 
2T - 
5 
ns 
2,4 


TCVIL 
CAS2:0 Setup before 2nd INT A 
BT 
ns 
2,4 
Pulse Low 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


RELATIVE 
TIMINGS 


TllCX 
CAS2:0 Hold after 2nd INTA Pulse Low 
4T 
ns 
2,4 


TIRES 
Interrupt 
Resolution 
Time 
150 
ns 
3 


TIRlH 
IR Low Time to Reset Edge Detector 
50 
ns 


TIRHIF 
IR Hold Time after 1st INTA Falling 
25 
ns 
4,5 


NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Interrupt resolution time is the delay between an unmasked interrupt requost going active and the interrupt output of the 
8259A module going active. This is not directly measureable by the user. F,r interrupt pin INT? the delay from an active 
signal to an active input to the CPU would actually be twice the TIRESvalue since the signal must pass through two 8259A 
• 
modules. 
4. See INTA Cycle Waveforms for definition. 
5. To guarantee interrupt is not spurious. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


RELATIVE 
TIMINGS 


TXlXl 
TXD Clock Period 
T (n + 1) 
ns 
1,2 


TXLXH 
TXD Clock Low to Clock High (N > 1) 
2T - 
35 
2T + 35 
ns 
1 


TXLXH 
TXD Clock Low to Clock High (N = 1) 
T - 
35 
T + 35 
ns 
1 


TXHXl 
TXD Clock High to Clock Low (N > 1) 
(n - 
1) T - 
35 
(n - 
1) T + 35 
ns 
1,2 


TXHXl 
TXD Clock High to Clock Low (N = 1) 
T - 
35 
T + 35 
ns 
1 


TQVXH 
RXD Output Data Setup to TXD 
(n - 
1)T - 
:15 
ns 
1,2 
Clock High (N > 1) 


TQVXH 
RXD Output Data Setup to TXD 
T - 
35 
ns 
1 
Clock High (N = 1) 


TXHQX 
RXD Output Data Hold after TXD 
2T - 
35 
ns 
1 
Clock High (N > 1) 


TXHQX 
RXD Output Data Hold after TXD 
T - 
35 
ns 
1 
Clock High (N = 1) 


TXHQZ 
RXD Output Data Float after Last 
T + 20 
ns 
1 
TXD Clock High 


TOVXH 
RXD Input Data Setup to TXD 
T + 20 
ns 
1 
Clock High 


TXHOX 
RXD Input Data Setup after TXD 
0 
ns 
1 
Clock High 


NOTES: 
1. See Figure 13 for Waveforms. 
2. n is the value in the BxCMP register ignoring the IClK bit. 


The AC specifications 
are tested with the 50 pF load 
shown 
in Figure 7. See the Derating 
Curves section 
to see how timings 
vary with load capacitance. 


Specifications 
are measured 
at the Vcc/2 
crossing 
point, 
unless 
otherwise 
specified. 
See 
AC Timing 
Waveforms 
for AC specification 
definitions, 
test pins 
and illustrations. 
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The 
processor 
will 
perform 
a reset 
operation 
any 


time the RESIN pin is active. The RESIN pin is syn- 
chronized 
before 
it is presented 
internally, 
which 
means 
that 
the 
clock 
must 
be operating 
before 
a 


reset can take effect. 
From a power-on 
state, RESIN 


must be held active 
(low) in order to guarantee 
cor- 
rect 
initialization 
of the processor. 
Failure 
to 
pro- 
vide 
RESIN 
while 
the device 
is powering 
up wlil 


result 
In unspecified 
operation 
of the device. 


Figure 
16 shows 
the correct 
reset 
sequence 
when 


first 
applying 
power 
to the 
processor. 
An external 


clock connected 
to CLKIN must not exceed the Vcc 


threshold 
being applied to the processor. 
This is nor- 


mally 
not a problem 
if the 
clock 
driver 
is supplied 


with 
the 
same 
Vcc 
that 
supplies 
the 
processor. 


When attaching 
a crystal to the device, 
RESIN must 


remain active until both Vcc and CLKOUT 
are stable 


(the 
length 
of time 
is application 
specific 
and 
de- 
pends 
on the 
startup 
characteristics 
of the crystal 


circuit). 
The RESIN 
pin is designed 
to operate 
cor- 


rectly us ng a RC reset circuit, but the designer 
must 


ensure that the ramp time for Vcc is not so long that 
RESIN 
in never 
sampled 
at a logic low level when 


Vcc 
reaches 
minimum 
operating 
conditions. 


Figure 
17 shows 
the timing 
sequence 
when 
RESIN 
is appliej 
after 
Vcc 
is stable 
and the 
device 
has 


been opmating. 
Note that a reset will terminate 
all 


activity 
and return the processor 
to a known operat- 


ing state. Any bus operation 
that is in progress 
at the 


time 
REBIN 
is asserted 
will terminate 
immediately 


(note that most control 
signals will be driven to their 


inactive 
fotate first before floating). 


While 
FESIN 
is 
active, 
bus 
signals 
LOCK, 


A19/S16/0NCE 
and A18:16 
are configured 
as in- 


puts and weakly 
held high by internal 
pullup transis- 


tors. 
Only A19/0NCE 
can 
be overdriven 
to a low 


and 
is uned 
to 
enable 
the 
ONCE 
Mode. 
Forcing 


LOCK or A18:16 low at any time while RESIN is low 
is prohibited 
and will cause unspecified 
device oper- 


ation. 
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NOTE: 
CLKOUT 
synchronization 
occurs 
on the rising edge of RESiN. If ~ 
is sampled 
high while CLKOUT 
is high (solid 
line), then 
CLKOUT 
will remain 
low for two CLKIN 
periods. 
If RESIN is sampled 
high while CLKOUT 
is low (dashed 
line), then CLKOUT 
will not be affected. 


Pin names in parentheses apply to BOC1BBEC/BOL1BBEC. 
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NOTE: 
CLKOUT 
synchronization 
occurs 
on the rising edge of RESIN. 
If RESIN is sampled 
high while CLKOUT 
is high (solid line), then CLKOUT 
will remain 
low for two CLKIN 
periods. 
If RESfIii is sampled 
high while CLKOUT 
is low (dashed 
line), then CLKOUT 
will not be affected. 


Pin names 
in parentheses 
apply 
to 8OC188EC/B0L1 
BBEC. 
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bus signals to CLKOUT. These figures along with 
the information present in AC Specifications allow 
the user to determine all the critical timing analysis 
needed for a given application. 
Figures 18 through 24 present the various bus cy- 
cles that are generated by the processor. What is 
shown in the figure is the relationship of the various 
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NOTES: 
1. Address information is invalid. If previous bus cycle was a read, then the AD15:0 (AD7:0) lines will float during T1. 
Otherwise, the AD15:0 (AD7:0) lines will continue to drive during T1 (data is invalid). All other control lines are in their 
inactive state. 
2. All address lines drive zeros while in Powerdown or Idle Mode. 


Pin names 
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apply 
to 80C188EC/80l188EC. 


AD15:13 
(A15:13)/ 


CAS2:0 


A19: 16, 
AD 12:8 
(A 12:8) 


\_- 


• 


AD15:0 


(A 15:8, 
AD7:0) 


GCS7:0, 


UCS, LCS 


~, 
, 
, 
, 
, 
, 
, 
, 


I 
, 
, 
, 
, 
, 


---------/_-::''---~:\: 
: : : : : : : : {:r--~--~-- 
: ~--:--~-.;.,.~--:--~-~--:--' 
I 
I 
I 
1 
• 
I 
I 
I 
I 
I 
I 
_________ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
_ 


I 
I 
I 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 


" 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


J 
J 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 


I 
I 
I 
f 
I 
I 
I 
I 
1 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 


I 
, 
, 
, 
, 
, 
, 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~--l--~-T-~--I--r-~-~--l 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'}: 
: : : : : : : : {: 'x' 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
~- -:- - ~-7 - ~- -:- - ~- ~- -:- - I 


w 
I 
I 
I 
I 
, 
I 
I 
I 
I 
1. 
_ 


I 
I 
I 
I 
I 
I 
I 
I 
I 
\--------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
}"""""cr 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
_ •• _ ~ ••• 
1. _.I. _..I .. 
1. _.l. _..1 .. 
1 


: 
: 
: 
:': 
: 
: 
: 
: 
: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


X 
, 
, 
x 
x 


,, 
, 
I,,, 
I 
\_-- 


I,I 
_l __ 
._~ 
__ 
~.~ 
__ 
~_~ 
__ 
~_~ 
__ 


,,,, 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 


-------------_ 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 


} 


, 
I 
I 
I 
I 
I 
I 
I 
I 
J 
-:--~--:- -~-~--~-~--~-~--: 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
______________ 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 


I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
, 


} 


: 
: 
: 
: 
: 
: 
: 
: 
: :, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
" 
-:--~-~--~-;- - ~-~--~-~--I 


______________ 
• 
: 
~ 
I 
: 
: 
: 
: 
: 
: 
~ 


• 
Tl n12nT3 nT1 nTI r 
IJ U U U U 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
I 
I 
I 
I 
1 
1 
I 


,, 
,,,, 


I 
I 
1 
, 
I 
I 
I 
I 
I 
, 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
1'1 
[ 


I 
I 
, 
, 
I 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
._~--~-~--~-~--~-~--~-~--~-~-- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 


, 
I 
I 
I 
I 
I 
I 
, 
I 
, 
, 
I 
I 
I 
l 
I 
I 
I 
I 
, 
I 
I 
, 
I 
I 


I 
I 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 


, 
I 
I 
, 
I 
I 
I 
I 
t 
I 
I 
I 
t 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


, 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 


I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 


, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


, 
t 
I 
1 
I 
I 
I 
I 
I 
1 
, 
I 


,,,,,, 
, 


, 
I 
I 
I 
I 
I 
I 
, 
I 
, 
, 
I 
I 
I 
I 
I 
1'1 
I 
1'1 
I' 
Ie 
' 


A19/0NCE. 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
I 
I 
: 
·_~--~-~--~-~--~-~--~-T--I--T-- 
~--~_. 


A18:16 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
I 
: 


I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 


I 
I 
I 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1'1 
I 
I 
I 
I 
I 
I 
I 
I 
I~ 
'\' 
, 


SHE (ifSH) ._~ 
__ :'_~ __ :'_~ __ :"_~ __ :"_~ __ :"_~ __ :J 
: 
: 
~ __ :.._. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
I 


I 
I 
'I 
I 
I 
, 
I 
I 
, 
I 
I 
I 
, 
I 


I 
I 
I 
I 
I' 
I 
, 
I 
1 
, 
I 
I 
, 
I 


, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
I 


11'lllllltll'~llllt'l 


AD t 5:0 
I 
I 
I 
I 
I 
, 
I 
I 
, 
I 
I 
t 
I 
I{ 
I 
I 
I 
I 
I 
I 
I 


_., 
__ 
1 -..l--r-~--r-..I--,.--:-- 
I 
__ 
: __ + __ : 
+ __:__ !-_~ __ :-_, __ : 
_ 
(A 15:8, 
AD7:0) 
I 
I 
I! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
• 
I 
I' 
I 
I' 
I 
I 
I 
• 
I 
• 
I 
1 
It! 
t' 
I 
I 
I 
I 
I 
I 
I 
• 
, 
I 
• 
I. 
I 
I. 
I 
I 
, 
• 
I 
, 
I 
I 
I 
, 
f 
,,,,,,,, 
I 
I 
I 
I 
I 
fl. 
I 


I 
I 
I 
I 
I 
I 
I 
I IF: 
I 
1 
I 
I! 
I 
I 
I 
I 
I 
~ --~--~-~--~-~--~-1--~-1--~-1--: 
: 
• 
I 
I 
• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
! 
I 
I 
I 
• 
I 
I 
I 
I 
I 


I 
, 
I 
I 
I 
I 
I 
I 
I 
• 
I 


, 
I 
It' 
1 
, 
I 
, 
• 
I 
, 
I 
: : : : : : : : : : : :r- 


, 
I 
f 
I 
, 
I 
I 
, 
, 
I 
• 
I} 
~ 
--~--~-~--~-~--~-~--~-~--~-~--I 
I 
I 
I 
I 
I 
I 
I 
I 
• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
'I 
I 


I 
I 
I 
I 
I 
I 
( 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 


! 
I 
I 
I 
I 
I 
t 
I 
I 
, 
•• 
1 
: : : : : : : : : : ' :r: 
__~__~_~__~_~ __~_~ __~_~ __~_~ __J 
: 


, 
1 
1 
I 
• 
1 
I 
I 
I. 
I' 


, 
I 
I 
I 
I' 
t 
I 
I 
I 
I 
I 
I 
1 
I 
I 
t 
I 


GCS7:0, 


UCS, LCS 
\ 
1: 


..J __ 
" 
__ 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
~--"'-- 
, 
,,,, 


• 


AD15:0 
( 
~DD 
)~a'I-2 
VA_L1D 
( 
ADD 
)_-- 


(A15:8, 
AD7:0) 
_ 
_ 
\<;.I 
_ 
_ 


I 
I 
I 
I 


I 
1 
I 
I 
I 
1 
I 
I 


SHE (RFSH) 


LOCK 


u:CS~:~O~---.J \.. 
VA_L_ID 
/ 
~ \ 
_ 


, 


Ro,WR 


, 
, 
I 
I 
I, 
:' 
, 
, 


DT/R ---.J i\0 
I 
:\ 


NOTES: 
1. READY 
must be low by either 
edge to cause 
a wait state. 


2. Lighter 
lines indicate 
READ cycles, 
darker 
lines indicate 
WRITE 
cycles. 


Pin names 
in parentheses 
apply 
to 80C188EC/80L 
188EC. 


80C186EC/80C188EC 
EXECUTION 
TIMINGS 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as- 
sumptions: 
• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDs occur. 


• All word-data is located on even-address bound- 
aries (80C186EC only). 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EC has sufficient bus 
performarlce to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu- 
tion time Hill not be substantially greater than that 
derived from adding the instruction timings shown. 


The 80C1038EC8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 2 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 


intelQP 


8OC188EC 
8OC188EC 
Function 
Format 
Clock 
Clock 
Comment. 


Cycle. 
Cycl •• 


OATA TRANSFER 
!lOV ~ Move: 


Register 
to Register/Memory 
1000100w 
mod reg rim 
2/12 
2/12' 


Register I memory 
to register 
1000101w 
mod reg rim 
2/S 
2/S' 


Immediate 
to register/memory 
1100011 
w 
modOOO 
rIm 
data 
I 
datanw=1 
I 
12/13 
12/13 
8/16-bit 


Immediate 
to register 
1011 
w 
reg 
data 
dataifw=1 
I 
3/4 
3/4 
8/16-bit 


Memory 
to accumulator 
1010000w 
addr-Iow 
addr-high 
I 
8 
8' 


ccumulator to memory 
1010001w 
addr-Iow 
addr-high 
I 
S 
S' 


Register/memory 
to segment 
register 
I 
10001110 
mod 0 reg rim 
2/S 
2/13 


e9ment 
register to register I memory 
I 
10001100 
mod 0 reg rim 
2/11 
2/15 


USH - 
Pu.h: 


Memory 
I 
11111111 
I modll0 
rim I 
16 
20 


Register 
I 01010reg 
I 
10 
14 


Segment 
register 
I 000regl10 
I 
S 
13 


mmediate 
I 011010.0 
I 
data 
I 
data Ho-OU 
10 - 


I. 


.. 


USHA-_AH 
I 01100000 
I 
38 
88 


POP ~ Pop: 


Memory 
I 
10001111 
I modOOO rim I 
20 
24 


Register 
I 
01011 
reg I 
10 
14 


e9ment 
register 
I 000regl11 
I 
(reg"'OI) 
8 
12 


POPA -popAn 
I 01 tOOOOl I 
51 
83 


CHG ~ Exchange: 


Register/memory 
with register 
I 
1000011w 
I 
mod reg rim I 
4/17 
4/17' 


Register 
with accumulator 
I 
10010 
reg I 
3 
3 


N = Inpull,om: 


Fixed port 
1110010w 
I 
port 
I 
10 
10' 


ariableport 
1110110w 
I 
8 
8' 


OUT - 
Output to: 


Fixed port 
1110011 
w I 
port 
I 
S 
S' 


ariable port 
1110111w 
I 
7 
7' 


LAT - 
Translate byte to AL 
11010111 
I 
11 
15 


LEA = Load EA to register 
I 
10001101 
mod reg rim I 
6 
6 


LOS ~ Load pointer to DS 
I 
11000101 
mod reg rim I 
(mod"'11) 
18 
26 


LES = Load pointer to ES 
I 
11000100 
mod,eg 
rim I 
(mod'" 11) 
18 
26 


LAHF ~ Load AH with flags 
I 
10011111 
2 
2 


IsAHF ~ Store AH into flags 
I 
10011110 
3 
3 


PUSHF = Push flags 
I 
10011100 
S 
13 


POPF = Pop flags 
I 
10011101 
I 
8 
12 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers. 
for word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
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8OC186EC 
8OC166EC 
Function 
Format 
Clock 
Clock 
Comments 


Cycle. 
Cye'" 


00101110 
2 
2 


00110110 
2 


00111110 
2 


00100110 
2 
2 


eg/memory 
with register to either 
OOOOOOdw 
mod reg rIm 
3/10 
3/10' 


100000sw 
modOOO rim 
data 
dataifsw=Ol 
4/16 
4/16' 


0000010w 
data 
data~w~lJ 
3/4 
3/4 
8116-bIt• 


eg/memory 
with register to either 
000100dw 
mod reg rim 
3/10 
3/10' 


100000sw 
modO 10 rim 
data 
data if sw=Ot 
4/16 
4/16' 


0001010w 
data 
dataifw=l J 
3/4 
3/4 
811e-bit 


l111111w 
modOOO rim 
3/15 
3/15' 


01000 
reg 
3 


eg/memory and register to either 
001010dw 
mod reg rIm 
3/10 
3/10' 


100000sw 
mod 101 
rim 
data 
I dataifsw=Ol 
4/16 
4/16' 


0010110w 
data 
dataifw=l ] 
3/4 
3/4' 
8/1e-bit 


eg/memory 
and register to either 
000110dw 
mod reg rIm 
3/10 
3/10' 


100000sw 
modO t 1 rIm 
data 
I data if 5w=Ol 
4/16 
4/16' 


0001110w 
data 
dataifw=l 
] 
3/4 
3/4' 
8/1e-bit 


l111111w 
modOOl 
rim 
3/15 
3/15' 


01001 
reg 
3 


0011101 
w 
mod reg rim 
3/10 
3/10' 


0011100w 
mod reg rIm 
3/10 
3/10' 


100000sw 
modl11 
rim 
data 
dataifsw~Ol 
3/10 
3/10' 


0011110w 
data 
dataifw=l 
3/4 
3/4 
811e-bit 


1111011 
w 
modOl1 
rim 
3/10 
3/10' 


- 
ASCII adjust for add 
00110111 
8 


00100111 
4 


S - 
ASCII adjustfor subtract 
00111111 
7 
7 


00101111 
4 


UL = Multiply (unsigned); 
1111011w 
mod 100 rim 


egister-Byte 
26-28 
26-28 


egister·Word 
35-37 
35-37 
emory-Byte 
32-34 
32-34 


emory-Word 
41-43 
41-43' 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystem~. 


NOTE: 
·Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
cyc;les for all memory 
transfers. 


I 


1P~[gl!"OfMIOOO~OOW 
2-233 


INSTRUCTION 
SET SUMMARY 
(Continued) 


8OCl11EC 
8OCl11EC 


Function 
Form.t 
Clock 
Clock 
Comment. 


Cycl •• 
Cycle. 


RITHMETIC (Continued) 


IMUL ~ Integer multiply (signed): 
1 I 1'0'1 
w 
mod 101 
rim 


Register-Byte 
25-28 
25-28 


Register-Word 
34-37 
34-37 
Memory-Byte 
31-34 
32-34 
emory-Word 
40-43 
40-43' 


MUL - 
Intege<Immediate multiply 
01 l010s1 
mod reg rIm 
data 
data~.-O 
22-251 
22-251 
(slgned) 
29-32 
29-32 


IV ~ Divide (unsigned): 
, 1 1 1 011 
w 
mod 11 0 rIm 


Register-Byte 
29 
29 
Register-Word 
38 
38 
Memory-Byte 
35 
35 
Memory-Word 
44 
44' 


IDIV ~ Integer divide (signed): 
1 I 1 1011 
w 
mod 1 I 1 rim 


Register-Byte 
44-52 
44-52 
Register-Word 
53-61 
53-61 
Memory-Byte 
SO-58 
SO-58 
emory-Word 
59-67 
59-67' 


AM ~ ASCII adjust for multiply 
11010100 
00001010 
19 
19 


AD ~ ASCII adjust for divide 
1'010'01 
00001010 
15 
15 


BW = Convert byte to word 
10011000 
2 


WD = Convert word to double word 
1001 
1001 
4 
4 


1101000w 
mod TTT rIm 
2/15 
2/15 


1101001 
w 
mod TTT rIm 
5+n/17+n 
5+n/17+n 


1100000", 
mod TTT rIm 
count ] 
5+n/17+n 
5+nlI7+n 


TTT Instruction 
000 
ROL 
001 
ROR 


010 
RCL 


011 
RCR 


100 
SHL/SAL 


101 
SHR 


111 
SAR 


Reg/memory 
and register to either 
OOlOOOdw 
mod reg rIm 
3/10 
3/10' 


Immediate to register/memory 
lOOOOOOw 
modlOO 
rim 
data 
I 
dataifw=1 
4/16 
4/16' 


Immediate to accumulator 
00lO010w 
data 
dataifw=1 
J 
3/4 
3/4' 
8/16-bit 


EST = And function to flags, no result: 


Register/memory 
and register 
I 
10000l0W,1 
mod reg rim 
3/10 
3/10 


Immediate data and register/memory 
I 1 I 1 1011 
w 
modOOO rim 
data 
I 
dataffw-I 
4/10 
4/10' 


Immediate data and accumulator 
I 1010100w 
dats 
dataifw=1 ] 
3/4 
3/4 
8/1e-bit 


Reg/memory 
and register to either 
000010dw 
mod reg rIm 
3/10 
3/10' 


Immediate to register I memory 
lOOOOOOw 
modOOl 
rim 
data 
dataifw=l 
4/16 
4/16' 


Immediate to accumulator 
0000l10w 
data 
data if w=1 
3/4 
3/4' 
8/1e-bit 


Shaded 
areas 
jndicate 
instructions 
not 
available 
in 8086/8088 
microsystems. 


NOTE: 


'Clock 
cycles 
shown 
for 
byte 
transfers. 
for 
word 
operations. 
add 4 clock 
cycles 
for 
all memory 
transfers. 


2-234 
1P~~IbO~OOO£~WI 


intel~ 


8OC186EC 
8OC188EC 
Function 
Format 
Clock 
Clock 
Com••••nts 


Cycle. 
Cycle. 


OGIC (Continued) 
OR ~ Exctullve or: 


eg/memory and register to either 
001100dw 
mod reg rIm 
3/10 
3/10' 


1000000w 
mod 11 0 rIm 
data 
data~w~1 
4/16 
4/16' 


0011010w 
data 
dataifw=1 
3/4 
3/4 
8/16-bit 


1111011 
w 
modOl0 
rIm 
3/10 
3/10' 


1010010w 
14 
14' 


1010011 
w 
22 
22' 


1010111 
w 
15 
15' • 


1010110w 
12 
12' 


1010101 
w 
10 
10' 


0110110w 
14 
14 


- 
0u1puI byta/wd to OXport 
0110111w 
14 
14 


epeated by count in ex (REP/REPE/REPZ/REPNE/REPNZj 


11110010 
1010010w 
8+8n 
8+80* 


1111001 
z 
1010011 
w 
5+22n 
5+220* 


1111001 
z 
1010111 
w 
5+15n 
5+150* 


11110010 
1010110w 
6+11n 
6+110* 


11110010 
1010101w 
6+9n 
6+90* 


- Input strtng 
11110010 
0110110w 
8+8n 
8+8n' 


11110010 
0110111w 
8+8n 
8+8n' 


11101000 
disp-low 
disp-high 
15 
19 


11111111 
modO 10 rIm 
13/19 
17/27 


10011010 
segment 
offset 
23 
31 


segment 
selector 


Indirect intersegment 
11111111 
modO 11 rIm 
(mod""') 
38 
54 


MP - 
Uncondltlonoljump: 


hort/long 
11101011 
disp-Iow 
14 
14 


irect within segment 
11101001 
disp-Iow 
disp-high 
14 
14 


agister/memory 
11111111 
modl00 
rIm 
11/17 
11/21 
ndirect within segment 


·reet intersegment 
11101010 
segment 
offset 
14 
14 


segment 
selector 


Indirect 
intersegment 
11111111 
mod 101 
rIm I 
(mod'" 
11) 
26 
34 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
cycleli 
for all memory 
transfers. 


intelQP 


8OC188EC 
8OC188EC 


Function 
Format 
Clock 
Clock 
Comments 


Cycles 
Cycles 


CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 


Within segment 
I 
11000011 
I 
16 
20 


Within sag adding immed to SP 
11000010 
data-low 
I 
d~ 
18 
22 


Intersagment 
11001011 
22 
30 


Intersegment 
adding immediate to SP 
11001010 
data-low 
I 
data-high 
I 
25 
33 


JE/JZ 
= Jump on equal/zero 
01110100 
disp 
I 
4/13 
4/13 
JMPnot 


I 


taken/JMP 
JLlJNGE 
= Jump on less/not 
greater or equal 
01111100 
disp 
4/13 
4/13 
taken 


JLE/JNG 
= Jump on less or equal/not 
greater 
01111110 
disp 
I 
4/13 
4/13 


JB/JNAE 
~ Jump on below/not above or equal 
01110010 
disp 
I 
4/13 
4/13 


JBE/JNA 
~ Jump on below or equal/not above 
01110110 
disp 
I 
4/13 
4/13 


JP/JPE 
~ Jump on parity/parity even 
01111010 
disp 
I 
4/13 
4/13 


JO = Jump on overflow 
01110000 
disp 
I 
4/13 
4/13 


JS = Jump on sign 
01111000 
disp 
I 
4/13 
4/13 


JNE/JNZ 
= Jump on not equal/not 
zero 
01110101 
disp 
I 
4/13 
4/13 


JNL/JGE 
= Jump on not less/greater 
or equal 
01111101 
disp 
4/13 
4/13 


JNLE/JG 
= Jump on not less or equal/greater 
01111111 
disp 
4/13 
4/13 


JNB/JAE 
= Jump on not below/above 
or equal 
01110011 
disp 
4/13 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
01110111 
disp 
4/13 
4/13 


JNP/JPO 
= Jump on not par/par odd 
01111011 
disp 
4/13 
4/13 


JNO = Jump on not overllow 
01110001 
disp 
4/13 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 
4/13 


JCXZ = Jump on ex zero 
11100011 
disp 
5/15 
5/15 


LOOP ~ Loop ex times 
11100010 
disp 
6/16 
6/16 
LOOP not 


LOOPZlLOOPE 
- 
Loop while zero/equal 
11100001 
taken/LOOP 
disp 
6/16 
6/16 
taken 


LOOPNZ/LOOPNE 
~ Loop while not zero/equal 
11100000 
disp 
6/16 
6/16 


ENTER = Enter Procedure 
11001000 
data-low 
I 
data-hlgh 
I 
L I 
L=O 
15 
19 


L=1 
25 
29 


L>l 
22+ 16\n-l) 
28+2O{n-1) 


LEAVE = Leave Procedure 
I 
11001001 
I 
8 
8 


INT ~ Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 
47 


Type 3 
I 
11001100 
I 
45 
45 
i1INT.taken/ 


INTO = Interrupt on overflow 
I 
11001110 
I 


i1INT.not 
48/4 
48/4 
taken 


IRET = Interrupt return 
I 
11001111 
I 
28 
28 


I 
I 
I 
- 
BOUND - 
De1ectvalue out 01range 
01100010 
modreg 
rim 
33-35 
33-35 
- 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086/8088 
microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 c10c 
cycles 
for all memory 
transfers. 


Function 
Format 


ROCESSOR CONTROL 


LC ~ Clear carry 
11111000 


11110101 


TC ~ Set carry 
11111001 


LD = Clear direction 
11111100 


TO = Set direction 
11111101 


LI ~ Clear interrupt 
11111010 


TI = Setinterrupt 
11111011 


11110100 


10011011 


8OC186EC 
80C188EC 


Clock 
Clock 
Comments 


Cycles 
Cycles 


2 


2 


2 


2 


2 


2 • 


6 
6 
if~=O 


10010000 


(TTT LLL are opcode to processor extension) 


Shad.ed areas 
indicate 
instructions 
not available 
in BOB6/BOBB 
microsystems. 


NOTE: 
'Clock 
cycles 
shown 
for byte transfers, 
for word operations, 
add 4 clock 
cycl€s 
for all memory 
transfers. 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rIm fields: 


if mod 
11 then rIm is treated as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-extended 
to 16-bits, disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 


OISP follows 
2nd byte of instruction 
(before 
data if 


required) 


'except 
if mod 
= 00 and rIm 
= 110 then 
EA = 


disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 


er appropriate. 


Segment Override Prefix 
I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned 
according 
to the following: 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
OS 


REG is assi ~ned according 
to the following 
table: 


H'·Bit (w = 1) 
8·Bit (w = 0) 


000 AX 
OOOAL 
001 CX 
001 CL 
010 OX 
0100L 
011 BX 
011 BL 
100 SP 
100 AH 
101 BP 
101 CH 
110 SI 
1100H 
111 01 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP r€gister 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addr€ssed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


An 80C186EC/80L186EC with a STEPID value of 
0002H has no known errata. A device with a STEPID 
of 0002H can be visually identified by noting the 
presence 
of an "A" alpha character next to the 


FPO number or the absence of any alpha character. 
The FPO number location is shown in Figures 4, 5 
and 6. 


This data sheet replaces the following data sheets: 
272072-003 
80C186EC 
272076-003 
80C188EC 
272332-001 
80L186EC 
272333-001 
80L188EC 
272373-001 
SB80C188EC/SB80L 188EC 


272372-001 
SB80C186EC/SB80L 186EC 


intel~ 


SOC1S7 
SO-BIT MATH COPROCESSOR 


• 
High Performance 
80-Blt Internal 
Architecture 


• 
Implements 
ANSIIIEEE 
Standard 
754- 
1985 for Binary Floating-Point 
Arithmetic 


• 
Upward 
Object-Code 
Compatible 
from 
8087 


• 
Fully Compatible 
with 387DX and 387SX 
Math Coprocessors. 
Implements 
all 387 
Architectural 
Enhancements 
over 8087 


• 
Directly 
Interfaces 
with 80C186 
CPU 


• 
80C186/80C187 
Provide 
a Softwarel 
Binary Compatible 
Upgrade 
from 
80186/82188/8087 
Systems 


• 
EXi>ands 80C186's 
Data Types 
to 


In(:lude 32-, 64-, 80-Blt Floating-Point, 
32·, 64-Bit Integers 
and 18-Dlglt 
BCD 


Operands 


• 
Directly 
Extends 
80C186's 
Instruction 


Se': to Trigonometric, 
Logarithmic, 


EXllonential, 
and Arithmetic 


Instructions 
for All Data Types 


• 
Full-Range 
Transcendental 
Operations 


for SINE, COSINE, 
TANGENT, 


ARCTANGENT, 
and LOGARITHM 


• 
Built-In Exception 
Handling 


• 
Eight 80-Bit Numeric 
Registers, 
Usable 


as Individually 
Addressable 
General 


Rel)lsters 
or as a Register 
Stack 


• 
Available 
In 40-Pin CERDIP 
and 44-Pln 


PLGC Package 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
#231369) 


The Intel 80C187 
is a high-performance 
math coprocessor 
that extends 
the architecture 
of the 80C186 
with 
floating-point, 
extended 
integer, 
and 
BCD data types. 
A complJting 
system 
that 
includes 
the 80C187 
fully 
conforms 
to the IEEE Floating-Point 
Standard. 
The 80C187 
adds over seventy 
mnemonics 
to the instruction 
set of the 80C186, 
including 
support 
for arithmetic, 
logarithmic, 
3xponential, 
and trigonometric 
mathematical 


operations. 
The 80C187 
is implemented 
with 1.5 micron, 
high-speed 
CHMOS 
III technology 
and packaged 
in 
both a 40-pin 
CERDIP and a 44-pin 
PLCC package. 
The 80C18? 
is upward 
object-code 
compatible 
from the 
8087 math coprocessor 
and will execute 
code written 
for the 80387DX 
and 80387SX 
math coprocessors. 


BUS 
CONTROL 
LOGIC 


NPSl 
NPS2 
Ct.4DD 
Ct.4Dl 
NPWR 
NPRD 
RESET 


ERROR 
PEREQ 
BUSY 


DATA INTERFACE 
AND 
CONTROL 
UNIT 


t.4ANTISSA 
ADDER 
(68 Bill + 
SUt.4 RE'GISTER 


16-BIT 
LEFT fRIGHT 
BARREL 
SHI~TER 
• 
60-BIT 
REGISTER 


--€: 


79 


SIGN 


80C187 
Data RegistE'rs 
64 
63 


15 
0 


CONTROL 
REGISTER 
STATUS 
REGISTER 


TAG WORD 


15 
0 


INSTRUCTION 
POINTER 


DATA POINTER 


The 80C187 
Math Coprocessor 
provides 
arithmetic 


instructions 
for a variety 
of numeric 
data 
types. 
It 


also 
executes 
numerous 
built-in 
transcendental 


functions 
(e.g. tangent, 
sine, cosine, 
and log func- 
tions). 
The 80C187 
effectively 
extends 
the register 


and instruction 
set of the 80C186 
CPU for existing 


data types and adds several 
new data types as well. 


Figure 2 shows the additional 
registers visible to pro- 
grams in a system that includes 
the 80C187. 
Essen- 


tially, 
the 
80C187 
can be treated 
as an additional 


resource 
or an extension 
to the CPU. The 80C186 


CPU together 
with an 80C187 
can be used as a sin- 
gle unified system. 


A 80C186 
system 
that includes 
the 80C187 
is com- 


pletely 
upward 
compatible 
with 
software 
for 
the 


8086/8087. 


The 80C187 
interfaces 
only with the 80C186 
CPU. 


The interface 
hardware 
for the 80C187 
is not imple- 


mented 
on the 80C188. 


The 80C187 
adds to the CPU additional 
data types, 


registers, 
instructions, 
and interrupts 
specifically 
de- 


signed to facilitate 
high-speed 
numerics 
processing. 
All new instructions 
and data types are directly 
sup- 


ported by the assembler 
and compilers 
for high-level 
languages. 
The 
80C187 
also 
supports 
the 
full 
80387DX 
instruction 
set. 


All 
communication 
between 
the 
CPU 
and 
the 


80C187 
is transparent 
to applications 
software. 
The 


CPU automatically 
controls 
the 80C187 
whenever 
a 


numeriGs instruction 
is executed. 
All physical 
memo- 


ry and virtual 
memory 
of the CPU are available 
for 


storag€ 
of the 
instructions 
and 
operands 
of 
pro- 


grams ':hat use the 80C187. 
All memory 
addressing 


modes 
are available 
for addressing 
numerics 
oper- 


ands. 


The enj 
of this data sheet lists by class the instruc- 


tions that the 80C187 
adds to the instruction 
set. 


NOTE: 
The 80C187 
Math Coprocessor 
is also 
referred 
to 


as a f\lumeric 
Processor 
Extension 
(NPX) 
in this 


documont. 


Data'rypes 


Table 
1 lists the seven 
data types that the 80C187 


supports 
and presents 
the format 
for each type. Op- 


erands 
are stored 
in memory 
with the least 
signifi- 


cant din it at the lowest 
memory 
address. 
Programs 


retrieve 
these 
values 
by generating 
the lowest 
ad- 


dress. 
For maximum 
system 
performance, 
all oper- 


ands should start at even physical-memory 
address- 


es; operands 
may begin at odd addresses, 
but will 


require extra memory cycles to access the entire op- 
erand. 


Internally, 
the 80C187 
holds all numbers 
in the ex- 


tended-precision 
real format. 
Instructions 
that 
load 


operands 
from 
memory 
automatically 
convert 
oper- 


ands 
r€presented 
in memory 
as 16-, 32-, or 64-bit 


integem, 
32- or 64-bit floating-point 
numbers, 
or 18- 


digit packed 
BCD numbers 
into extended-precision 


real forrnat. 
Instructions 
that store operands 
in mem- 


ory perlorm 
the inverse 
type conversion. 


Register Set 


Figure 2 shows the 80C187 register set. When an 
80C187 is present in a system, programmers may 
use these registers in addition to the registers nor- 
mally available on the CPU. 


A typical NPX instruction accepts one or two oper- 
ands and produces one (or sometimes two) results. 
In two-operand instructions, one operand is the con- 
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele- 
ment (refer to the section on Data Registers). 
80C187 computations use the extended-precision 
real data type. 


Table 1. Data Type Representation 
In Memory 


Mo.' Slgnlflcen' By'e 
HIGHEST ADDRESSED 
BYTE 
Oe'e 
Renge 
Precl.lon 
017 
017 
0/7 
017 
017 
017 
017 
017 
017 
01 
Forme'. 
• 
7 


Word 
Integer 
±104 
16 Bits 
IITWO 
S 
COMPLEMENT, 


IS 
0 


Short 
Integer 
±109 
32 Bits 
IITWO 
5 
COMPLEMENT. 


31 
0 


long 
Integer 
±10'8 
64 Bits 
IITWO 
S 


COMPlEMENTI 


63 
0 


±10'8 
sl 
x 
let" 


MAGNITUDE 
d"l 
Packed 
BCD 
18 Digits 
dlo 
d1!l 
dl~ 
elll 
d11. 
ct" 
d ~u 
di 
d, 
el, 
I db 
d. 
d, 
d, 
d, 
d, 


79 
72 
0 


Single Precision 
±10±38 
24 Bits 
itl 
BIASED 
I 
SIGNIFICANO 
I 
S 
EXPONENT 


3' 
23'- 
0 
" 


Double 
Precision 
±10±308 
53 Bits 
sl 
BIASED 
I 
SIGNIFICAND 
I 
EXPONENT 


63 
52'-- I' 
0 


Extended 
± 10±4932 
64 Bits 
sl 
BIASED 
hl 
SIGNIFICANO 
I 
Precision 
EXPONENT 


79 
•• 
63' 
D 


NOTES: 
1. S = Sign bit (0 = Positive, 
1 = Negative) 
2. dn = Decimal 
digit (two per byte) 
3. X = Bits have no significance; 
80C187 
ignores 
when 
loading, 
zeros when 
storing 
4. .•. = Position 
of implicit 
binary point 
5. I = Integer 
bit of significand; 
stored 
in temporary 
real, implicit 
in single and double 
precision 
6. Exponent 
Bias (normalized 
values): 
Single: 
127 (7FH) 
Double: 
1023 (3FFH) 
Extended 
Real: 
16383 
(3FFFH) 
7. Packed 
BCD: (- 
1)S (017 ... 
Do) 
8. Real: (-1)5 
(2E-BIAS) (Fa, F, ... 
) 


The 80C187 register set can be accessed either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The 80C187 register stack grows 
"down" toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 


The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin- 
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to identify special values (e.g. NaNs or denor- 
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 


The 16-bit status word (in the status register) shown 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 


Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility 011y.It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 


Bits 13-1'1 (TOP) point to the 80C187 register that 
is the curr<3nttop-of-stack. 


The four numeric condition code bits (C3-CO) are 
similar to :he flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the OJtcome. The effects of these instructions 
on the condition code are summarized in Tables 2 
through 5. 


Bit 7 is thE error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR signal is as- 
serted. 


Bit 6 is thE stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 


Figure 4 shows the six exception flags in bits 5-0 of 
the status Nord. Bits 5-0 are set to indicate that the 
80C187 hCisdetected an exception while executing 
an instruc':ion. A later section entitled "Exception 
Handling" explains how they are set and used. 


Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of E:; (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory bLt rather are dependent upon the values of 
the except on flags (bits 5-0) in the status word and 
their correBponding masks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. 


15 
0 


TAG (7) 
I-TA-G-(-6)-I-T-AG-(5-)-I-TA-G-(4-) 
-1-T-A-G-(3-)-[-T-A-G-(-2)-I-T-A-G-(-1)-1 
TAG (0) 


NOTE: 
The index i of tag(i) is not top-relative. 
A program 
typically 
uses the "t,)P" 
field of Status 
Word 
to determine 
which 
tag(i) field refers 
to logical 
top of stack. 


TAG VALUES: 


00 = Valid 
01 = Zero 
10 = QNaN, 
SNaN. 
Infinity, 
Denormal 
and Unsupported 
Formats 


11 = Empty 


rIDTTT 
TOP OF STACK POINTER 
lUlll i-------- 
CONDITION CODE 


"'"'~ 


: 


D 
P RAN 


ERROR SUMMARY S 
STACK FLAG 


EXCEPTION FLAGS 
PRECISION 
UNDERFLOW 
OVERFLOW 
ZERO DIVIDE 
DENORMALIZE 
0 
E 
D 
INVALID OPERATION 


ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 2 for interpretation of condition code. 
TOP values: 


000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Slack 
. 


111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled, 
"Exception Handling" 


The NPX provides 
several 
processing 
options 
that are selected 
by loading 
a control 
word from memory 
into 
the control 
register. 
Figure 5 shows the format 
and encoding 
of fields in the control 
word. 


Instruction 
CO(S) 
I 
C3(Z) 
C1(A) 
C2(C) 


FPREM, FPREM1 
Three Least Significant 
Reduction 
(See Table 3) 
Bits of Quotient 
0= 
Complete 
Q2 
QO 
Q1 
1 = Incomplete 
or olD 


FCOM, FCOMP, 
FCOMPP, 
FTST 
Result of Comparison 
, 
Zero or 
Operand 
is not 
FUCOM, FUCOMP, 
(See Table 4) 
olD 
Comparable 
(Table 4) 
FUCOMPP, 
FICOM, 
FICOMP 


FXAM 
Operand 
Class 
Sign 
Operand 
Class 
(See Table 5) 
or olD 
(Table 5) 


FCHS. FABS, FXCH. 
FINCSTP. 
FDECSTP, 
Constant 
Loads, 
UNDEFINED 
Zero 
UNDEFINED 
FXTRACT, 
FLD, 
or olD 
FILD, FBLD, 
FSTP (Ext Real) 


FIST, FBSTP, 
FRNDINT, 
FST. 
FSTP, FADD. FMUL, 
UNDEFINED 
Roundup 
UNDEFINED 
FDIV, FDIVR, 
or olD 
FSUB, FSUBR, 
FSCALE. 
FSQRT, 
FPATAN, 
F2XM1, 
, 


FYL2X, FYL2XP1 


FPTAN, FSIN, 
UNDEFINED 
Roundup 
Reduction 
FCOS, FSINCOS 
or OlD, 
0= 
Complete 
Undefined 
1 = Incomplete 
if C2 = 
1 


FLDENV, 
FRSTOR 
Each Bit Loadect from Memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
UNDEFINED 
FCLEX, FINIT, 
FSAVE 
- 
O/U 
When 
both 
IE and SF bits of status 
word 
are set, indicating 
a stack 
exception, 
this bit distinguishes 
between 
stack 
overflow 
(C1 = 1) and underflow 
(C1 = 0). 
Reduction 
If FPREM 
or FPREM1 
produces 
a remainder 
that 
is less 
than 
the 
modulus, 
reduction 
is complete. 
When 
reduction 
is incomplete 
the value 
at the top of the stack 
is a partial 
remainder, 
which 
can be used as input to 
further 
reduction. 
For FPTAN, 
FSIN, FCOS, and FSINCOS, 
the reduction 
bit is set if the operand 
at the top of 
the stack 
is too large. In this case the original 
operand 
remain, 
at the top of the stack. 
Roundup 
When the PE bit of the status word is set, this bit indicates 
whe:her 
one was added to the least significant 
bit of 
the result during 
the last rounding. 
UNDEFINED 
Do not rely on finding 
any specific 
value 
in these 
bits. 


• 


contain individual masks for each of the six excep- 
tions that the 80C187 recognizes. 


The high-order byte of the control word configures 
the 80C187 operating mode, including precision, 
rounding, and infinity control. 


• The "infinity control bit" (bit 12) is not meaningful 
to the 80C187, and programs must ignore its val- 
ue. To maintain compatibility with the 8087, this 
bit can be programmed; however, regardless of 
its value, the 80C187 always treats infinity in the 
affine sense (- 
00 < + 00). This bit is initialized 
to zero both after a hardware reset and after the 
FINIT instruction. 
• The rounding control (RC) bits (bits 11-10) pro- 


vide for directed rounding and true chop, as well 
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affects 
only 
those 
instructions 
that 
perform 


rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 
• The precision control (PC) bits (bits 9-8) can be 


used to set the 80C187 internal operating preci- 
sion of the significand at less than the default of 
64 bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci- 
sion is determined by the opcode or extended 
precision is used. 


Condition 
Code 
Interpretation 
after 


C2 
C3 
C1 
CO 
FPREM and FPREM 1 


Incomplete Reduction: 


1 
X 
X 
X 
Further Iteration Required 
for Complete Reduction 


Q1 
QO 
Q2 
QMOD8 


0 
0 
0 
0 
0 
1 
0 
1 
Complete Reduction: 


0 
1 
0 
0 
2 
CO,C3, C1 Contain Three Least 


1 
1 
0 
3 
Significant Bits of Quotient 
0 
0 
1 
4 


0 
1 
1 
5 


1 
0 
1 
6 


1 
1 
1 
7 


Order 
C3 
C2 
CO 


TOP > Operand 
0 
0 
0 
TOP < Operand 
0 
0 
1 
TOP = Operand 
1 
0 
0 
Unordered 
1 
1 
1 


C3 
C2 
C1 
CO 
Value at TOP 


0 
0 
0 
0 
+ Unsupported 
0 
0 
0 
1 
+ NaN 
0 
0 
1 
0 
- 
Unsupported 
0 
0 
1 
1 
- 
NaN 


0 
1 
0 
0 
+ Normal 


0 
1 
0 
1 
+ Infinity 


0 
1 
1 
0 
- 
Normal 
0 
1 
1 
1 
- 
Infinity 
1 
0 
0 
0 
+0 
1 
0 
0 
1 
+ Empty 


1 
0 
1 
0 
-0 
1 
0 
1 
1 
- 
Empty 
1 
1 
0 
0 
+ Denormal 


1 
1 
1 
1 
- 
Denormal 


Because 
the NPX operates 
in parallel 
with the CPU, 


any exceptions 
detected 
by the NPX may be report- 


ed after the CPU has executed 
the ESC instruction 


which caused 
it. To allow identification 
of the failing 


numerics 
instruction, 
the 80C187 
contains 
registers 


that aid in diagnosis. 
These 
registers 
supply the op- 


code of the failing 
numerics 
instruction, 
the address 


of the instruction, 
and the address 
of its numerics 


memory 
operand 
(if appropriate). 


The 
instruction 
and data 
pointers 
are provided 
for 


user-written 
exception 
handlers. 
Whenever 
the 


80C187 
executes 
a new 
ESC instruction, 
it saves 


the address 
of the instruction 
(including 
any prefixes 


that may be present), 
the address 
of the operand 
(if 


present), 
and the opcode. 


The instruction 
and data pointers 
appear 
in the for- 


mat 
shown 
by 
Figure 
6. 
The 
ESC 
instruction 


FLDENV, 
FSTENV, 
FSAVE 
and FRSTOR 
are used 


to transfer 
these 
values 
between 
the registers 
and 


memory. 
Note that the value of the data pointer 
is 


undefined 
if the prior ESC instruction 
did not have a 


memory 
operand. 


CPU interrupt 
16 is used to report exceptional 
condi- 
tions while executing 
numeric programs. 
Interrupt 
16 


indicates 
that 
the 
previous 
numerics 
instruction 


caused 
an unmasked 
exception. 
The address 
of the 


faulty instruction 
and the address 
of its operand 
are 


stored in the instruction 
pointer and data pointer reg- 


isters. 
Only 
ESC instructions 
can cause 
this 
inter- 


rupt. The CPU return address 
pushed onto the stack 


of the excoption 
handler points to an ESC instruction 


(including 
)refixes). 
This instruction 
can be restarted 


after 
clearing 
the 
exception 
condition 
in the 
NPX. 


FNINIT, 
FNCLEX, 
FNSTSW, 
FNSTENV, 
and 


FNSAVE 
cannot 
cause this interrupt. 


The 80C11l7 
detects 
six different 
exception 
condi- 


tions that can occur during instruction 
execution. 
Ta- 


ble 6 lists the exception 
conditions 
in order of prece- 


dence, 
showing 
for each the cause and the default 


action 
tak,m 
by 
the 
80C187 
if 
the 
exception 
is 


masked 
by its corresponding 
mask bit in the control 


word. 


Any 
excej:tion 
that 
is not 
masked 
by the 
control 


word 
sets the corresponding 
exception 
flag of the 


status word, sets the ES bit of the status word, and 
asserts 
th€ ERROR 
signal. When the CPU attempts 


to execute 
another 
ESC instruction, 
interrupt 
16 oc- 


curs. The oxception 
condition 
must be resolved 
via 


an 
interrupt 
service 
routine. 
The 
return 
address 


pushed 
on' 0 the CPU stack 
upon entry to the serv- 
ice routine 
does 
not necessarily 
point to the failing 
instruction 
nor 
to 
the 
following 
instruction. 
The 


80C187 
saves 
the address 
of the floating-point 
in- 


struction 
that caused the exception 
and the address 


of any memory 
operand 
required 
by that instruction. 


If error traj:ping 
is required 
at the end of a series of 


numerics 
i 1structions 
(specifically, 
when 
the 
last 


ESC instruction 
modifies 
memory 
data and that data 


is used in subsequent 
non numerics 
instructions), 
it is 


necessary 
to insert the FNOP instruction 
to force the 


80C187 
to check its ERROR 
input. 
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(INFINITY 
CONTROL) 
" 
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PRECISION CONTROL 
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EXCEPTION lAARKS: 
PRECISION 
---------' 
UNDERFLOW 
.J 


OVERFLOW 
----------' 
ZERO DIVIDE ---------.....1 
DENORlAALIZED 
OPERAND ------ 
••.• 
INVALID OPERATION ---------01 


Precision Control 
Rounding Control 
00- 
24 Bits (Single 
Precision) 
00- 
Round to Nearest or Even 
01- 
(Reserved) 
01- 
Round Down (toward 
- 00) 
10- 
53 Bits (Double Precision) 
10- 
Round Up (toward + 00) 
11- 
64 Bits (Extended 
Precision) 
11- 
Chop (Truncate 
toward 
Zero) 
"The 
"infinity 
control" 
bit is not 
meaningful 
to the 
80C187. 
To maintain 
compatibility 
with 
the 
8087, 
this 
bit can 
be 
programmed; 
however, 
regardless 
of its value, 
the 80C187 
treats 
infinity 
in the affine 
sense 
(- 
00 < + 00). 


CONTROL WORD 


STATUS WORD 


TAG WORD 


INSTRUCTiON POINTER'5 ..0 


1P19 ..16 
I 
0 I 
OPCODElO..0 


OPERAND POINTER'5 ..0 


OP19 ..16 
I 
0 I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Exception 
Cause 
Default Action 
(If Exception 
is Masked) 


Invalid 
Operation 
on a signalling 
NaN, 
Result is a quiet NaN, 
Operation 
unsupported 
format, indeterminate 
integer indefinite, 
or 
form (0' 
00, 0/0), (+ 00) 
BCD indefinite 
+ (- 
00), etc.), or stack 
overflow/underflow 
(SF is also set) 
Ii 


Denormalized 
At least one of the operands 
is 
I: 
The operand 
is normalized, 


Operand 
denormalized, 
Le. it has the smallest 
and normal processing 
exponent 
but a nonzero 
significand 
continues 


Zero Divisor 
The divisor is zero while the dividend 
Result is 00 
is a noninfinite, 
nonzero 
number 


Overflow 
The result is too large in magnitude 
Result is largest finite 
to fit in the specified 
format 
value or 00 


Underflow 
The true result is nonzero 
but too small 
Result is denormalized 
to be represented 
in the specified 
format, and, 
or zero 
if underflow 
exception 
is masked, denorma 
ization 
causes loss of accuracy 


Inexact 
The true result is not exactly representable 
Normal processing 


Result 
in the specified 
format 
(e.g. 1/3); 
continues 
(Precision) 
the result is rounded according 
to the 
rounding 
mode 


After 
FNINIT 
or RESET, 
the control 
word 
contains 


the value 
037FH 
(all exceptions 
masked, 
precision 
control 
64 bits, rounding 
to nearest) the same values 
as in an 8087 after RESET. For compatibility 
with the 
8087, the bit that used to indicate 
infinity control 
(bit 


12) is set to zero; however, 
regardless 
of its setting, 
infinity is treated 
in the affine sense. After FNINIT or 
RESET, 
the status word is initialized 
as follows: 


• 
All exceptions 
are set to zero. 


• 
Stack TOP is zero, so that after the first push the 
stack top will be register 
seven (111 B). 


• 
The condition 
code C3-CO is undefined. 


• 
The B-bit is zero. 


The 
tag word 
contains 
FFFFH 
(all stack 
locations 
are empty). 


80C186/80C187 
initialization 
software 
should 
exe- 


cute 
an FNINIT 
instruction 
(Le. an FINIT without 
a 
preceding 
WAIT) 
after 
RESET. 
The 
FNINIT 
is not 


strictly 
required 
for 
80C187 
software, 
but 
Intel 


recommends 
its use to help ensure upward compati- 


bility with other processors. 


This 
section 
summarizes 
the 
differences 
between 


the 80C1fl7 
and the 8087. Many changes 
have been 


designed 
into 
the 
80C187 
to 
directly 
support 
the 


IEEE stardard 
in hardware. 
These changes 
result in 


increased 
performance 
by elminating 
the 
need 
for 


software 
that supports 
the standard. 


GENERAl. 
DIFFERENCES 


The 
808,' 
instructions 
FENI/FNENI 
and 
FDISI/ 


FNDISI 
pnrform 
no useful 
function 
in the 
80C187 


Numeric 
Frocessor 
Extension. 
They do not alter the 


state 
of tt-e 80C187 
Numeric 
Processor 
Extension. 


(They 
are 
treated 
similarly 
to 
FNOP, 
except 
that 


ERROR 
iH not 
checked.) 
While 
8086/8087 
code 


containing 
these 
instructions 
can 
be executed 
on 


the 80C183/80C187, 
it is unlikely that the exception- 


handling 
rc)utines containing 
these 
instructions 
will 


be comple :ely portable 
to the 80C187 
Numeric 
Proc- 


essor Extension. 


The 80C1 U7 differs 
from 
the 8087 
with 
respect 
to 


instruction, 
data, and exception 
synchronization. 
Ex- 


cept for thn processor 
control 
instructions, 
all of the 


80C187 
numeric 
instructions 
are automatically 
syn- 


chronized 
hy the 80C186 CPU. When necessary, 
the 


80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com- 
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs, explicit WAITs 
are required before each numeric instruction to en- 
sure 
synchronization. 
Although 
8086/8087 
pro- 


grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 


The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 


Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± 00); F2XM1 and 
FPTAN accept a wider range of operands. 


Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg- 
ister contents. 


After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3- 
Co of the status word. 


In conformance with the IEEE standard, the 80C187 
does 
not 
support 
the 
special 
data 
formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un- 
normal. 


The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex- 
ception handler solely to normalize the denormal op- 
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal- 
izes denormal operands when the denormal excep- 
tion is masked. 


A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 
1. The 80C186/80C187 traps exceptions only on 
the next ESC instruction; Le.the 80C186 does not 
notice 
unmasked 80C187 exceptions 
on 
the 
80C186 ERROR input line until a later numerics 
instruction is executed. Because the 80C186 
does not sample ERROR on WAIT and FWAIT 
instructions, programmers should place an FNOP 
instruction at the end of a sequence of numerics 
instructions to force the 80C186 to sample its 
ERROR input. 
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2. The 80C187 Numeric Processor Extension sig- 


nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller- 
oriented instructions in numerics exception han- 
dlers for the 8086/8087 should be deleted. 


3. Interrupt vector 16 must point to the numerics ex- 


ception handling routine. 
4. The ESC instruction address saved in the 80C187 


Numeric Processor Extension includes any lead- 
ing prefixes before the ESC opcode. The corre- 
sponding address saved in the 8087 does not 
include leading prefixes. 


5. When the overflow or underflow exception is 


masked, the 80C187 differs from the 8087 in 
rounclingwhen overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 


6. When the underflow exception is masked, the 


80C187 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 
7. Fewer invalid-operation exceptions due to denor- 


mal operands, because the instructions FSQRT, 
FDIV, FPREM, and conversions to BCD or to inte- 
ger normalize denormal operands before pro- 
ceeding. 


8. The FSQRT, FBSTP, and FPREM instructions 


may cause underflow, because they support de- 
normal operands. 


9. The denormal exception can occur during the 


transcendental instructions and the FXTRACT in- 
struction. 


10. The denormal exception no longer takes prece- 


dence over all other exceptions. 


11. When the denormal exception is masked, the 


80C187 automatically normalizes denormal op- 
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 


12. When the operand is zero, the FXTRACT in- 


struction reports a zero-divide exception and 
leaves - 
00 in ST(1). 


13. The status word has a new bit (SF) that signals 


when invalid-operation exceptions are due to 
stack underflow or overflow. 


14. FLD extended precision 
no longer reports denor- 


mal exceptions, because the instruction is not 
numeric. 


15. FLD single/double 
precision 
when the operand 


is denormal converts the number to extended 
precision and signals the denormalized oper- 
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and exception. When loading a signalling NaN, 
FLD single/double precision signals an invalid- 
operand exception. 
16. The 80C187 only generates quiet NaNs (as on 
the 8087); however, the 80C187 distinguishes 
between quiet NaNs and signalling NaNs. Sig- 
nalling NaNs trigger exceptions when they are 
used as operands; quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 
17. When stack overflow occurs during FPTAN and 
overflow is masked, both ST(O) and ST(1) con- 
tain quiet NaNs. The 8087 leaves the original 
operand in ST(1) intact. 


18. When the scaling factor is ± 00, the FSCALE 
(ST(O), ST(1) instruction behaves as follows 


(ST(O)and ST(1) contain the scaled and scaling 
operar ds respectively): 
• FSCALE (0, 00) generates the invalid opera- 


tion 13xception. 
• FSCALE (finite, - 00) generates zero with the 


samo sign as the scaled operand. 


• FSCALE (finite, + 00) generates 
00 with the 


samo sign as the scaled operand. 


The 8087 returns zero in the first case and rais- 
es the invalid-operation exception in the other 
cases. 


19. The 80C187 returns signed infinity/zero as the 


unma~ked response to massive overflow/under- 
flow. The 8087 supports a limited range for the 
scalin~1factor; within this range either massive 
overfl<lw/underflow do not occur or undefined 
results are produced. 


Pin 
Function 
Active 
Inputl 


Name 
State 
Output 


CLK 
CLocK 
I 


CKM 
ClocKing Mode 
I 


RESET 
System reset 
High 
I 


PEREQ 
Processor Extension 
High 
I 
0 


REQuest 
BUSY 
Busy status 
High 
0 


ERROR 
Error status 
Low 
0 


015-00 
Data pins 
High 
I/O 


NPRD 
Numeric Processor ReaD 
Low 
I 


NPWR 
Numeric Processor WRite 
Low 
I 


NPS1 
NPX select # 1 
Low 
I 


NPS2 
NPX select #2 
High 
I 


CMDO 
CoMmanDO 
High 
I 


CMD1 
CoMmanD 1 
High 
I 


Vcc 
System power 
I 


Vss 
System ground 
I 


• 


In the following 
description 
of hardware 
interface, 
an 
overbar 
above 
a signal 
name indicates 
that the ac- 
tive or asserted 
state occurs 
when the signal is at a 
low voltage. 
When 
no overbar 
is present 
above the 
signal name, the signal is asserted 
when at the high 
voltage 
level. 


Signal Descriptjon 


In the following 
signal descriptions, 
the 80C187 
pins 
are grouped 
by function 
as follows: 


1. Execution 
Control- 
ClK, 
CKM, RESET 


2. NPX Handshake- 
PER EO, BUSY, ERROR 


3. Bus Interface 
Pins- 
015-00, NPWR, NPRD 


4. Chip/Port 
Select- 
NPS1, NPS2, CMDO, CMD1 


5. Power Supplies- 
Vcc, 
VSS 


Table 
7 lists every pin by its identifier, 
gives a brief 
description 
of its function, 
and lists some of its char- 
acteristics. 
Figure 7 shows 
the locations 
of pins on 
the CERDIP package, 
while Figure 8 shows the loca- 
tions of pins on the PlCC 
package. 
Table 8 helps to 
locate 
pin identifiers 
in Figures 7 and 8. 


This input provides 
the basic timing for internal 
oper- 
ation. 
This pin does 
not require 
MaS-level 
input; 
it 
will operate 
at either 
TTl 
or MaS 
levels 
up to the 
maximum 
allowed 
frequency. 
A minimum 
frequency 
must be provided 
to keep the internal 
logic properly 
functioning. 
Depending 
on the signal 
on CKM, 
the 
signal on ClK 
can be divided 
by two to produce 
the 
internal 
clock 
signal (in which 
case ClK 
may be up 
to 32 MHz in frequency), 
or can be used directly 
(in 
which 
case ClK 
may be up to 12.5 MHz). 


Clocking 
Mode (CKM) 


This pin is a strapping 
option. 
When it is strapped 
to 
Vcc 
(HIGH), 
the 
ClK 
input 
is used 
directly; 
when 
strapped 
to Vss 
(lOW), 
the ClK 
input is divided 
by 
two to produce 
the internal 
clock 
signal. 
During the 
RESET sequence, 
this input must be stable at lea~t 
four internal 
clock cycles (Le. ClK 
clocks when CKM 
is HIGH; 2 x ClK 
clocks when CKM is lOW) 
before 
RESET goes lOW. 


vss 
N.C.* 
vcc 
vss 
0'5 
0'4 
0'3 
012 


VCC 


VSS 
0,1 


010 


VCC 
09 
08 
07 
06 


05 


04 
03 


VCC 


CKM 


vss 
VCC 


Vss 


RESET 


NPS1 


NPS2 


CLK 


CM01 


Vss 
CMOO 


NPWR 


NPRO 


ERROR 


BUSY 


PEREQ 


DO 


0, 


O2 


°14 
RESET 


0,3 
NPS1 


012 
NPS2 
vcc 
ClK 


N.C.* 
CIol01 


Vss 
80C187 
Vss 


011 
TOP VIEW·· 
N.C.· 


0,0 
CMDO 


VCC 
NPWR 


09 
NPRO 


Os 
ERROR 


tk~~60"'d 
oNo8~ 
~ 
z 
~ m 


·N.C. 
= Pin N01 Connected 
•• ••Top View" 
means 
as the package 
is seen from 
the 
component 
side of the board. 


Pin Name 
CERDIP 
Package 
PLCC Package 


BUSY 
25 
28 
CKM 
39 
44 
ClK 
32 
36 
CMOO 
29 
32 
CM01 
31 
35 
Do 
23 
26 


01 
22 
25 


02 
21 
24 


03 
20 
22 


04 
19 
21 


05 
18 
20 


06 
17 
19 
0] 
16 
18 


Os 
15 
17 


09 
14 
16 


010 
12 
14 


011 
11 
13 


012 
8 
9 


013 
7 
8 


014 
6 
7 


015 
5 
5 
ERROR 
26 
29 
No Connect 
2 
6,11,23,33,40 
NPRO 
27 
30 
NPS1 
34 
38 
NPS2 
33 
37 
NPWR 
28 
31 
PEREa 
24 
27 
RESET 
35 
39 
Vcc 
3,9,13,37,40 
1,3,10,15,42 
Vss 
1,4,10,30,36,38 
2,4,12,34,41,43 


System 
Reset 
(RESEn 


A lOW 
to HIGH 
transition 
on this 
pin causes 
the 
80C187 
to terminate 
its present 
activity 
and to enter 
a dormant 
state. 
RESET must remain active (HIGH) 
for at least four internal 
clock 
periods. 
(The relation 
of 
the 
internal 
clock 
period 
to 
ClK 
depends 
on 
ClKM; 
the internal 
clock 
may be different 
from that 
of the CPU.) Note that the 80C187 
is active internal- 
ly for 25 clock 
periods 
after 
the termination 
of the 
RESET 
signal 
(the HIGH to lOW 
transition 
of RE- 
SED; 
therefore, 
the first 
instruction 
should 
not be 
written 
to the 80C187 
until 25 internal 
clocks 
after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. 
After a 
reset, all output 
pins return to their inactive 
states. 


Output 
Value 
Pln Name 
during Reset 


BJSY 
HIGH 


EHROR 
HIGH 


PEREa 
lOW 


0-15-00 
TRI-STATE 
OFF 


Processor 
Extension 
Request 
(PEREQ) 


When 
active, 
this 
pin signals 
to the 
CPU that 
the 
80C187 
is ready 
for data transfer 
to/from 
its data 
FIFO. W,en 
there are more than five data transfers, 


• 


PEREa is deactivated after the first three transfers 
and subsequently after every four transfers. This sig- 
nal always goes inactive before BUSY goes inactive. 


When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186's TESTIBUSY pin. During the RESET se- 
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 


Error Status 
(ERROR) 


This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred. This signal can be changed to 
inactive state only by the following instructions (with- 
out 
a 
preceding 
WAIT): 
FNINIT, 
FNClEX, 
FNSTENV, 
FNSAVE, 
FlDCW, 
FlDENV, 
and 


FRSTOR. This pin should be connected to the 
ERROR pin of the CPU. ERROR can change state 
only when BUSY is active. 


These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond- 
ing CPU data pins. Other buffersl drivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least significant data bit. 


Numeric 
Processor 
Write 
(NPWR) 


A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 


A signal on this pin enables transfers of data from 
the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 


Concurrent assertion of these signals indicates that 
the CPU is performing an escape instruction and en- 
ables the 80C187 to execute that instruction. No 


intel~ 


data transfer involving the 80C187 occurs unless the 
device is selected by these lines. 


These pins along with the select pins allow the CPU 
to direct the operation of the 80C187. 


System power provides the + 5V ± 10% DC supply 
input. All Vcc pins should be tied together on the 
circuit board and local decoupling capacitors should 
be used between Vcc and Vss. 


All VSS pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vcc and Vss. 


As shown by the block diagram (Figure 1), the 
80C187 NPX is internally divided into three sections: 
the bus control logic (BCl), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con- 
tains the sequencer and other support units) exe- 
cutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re- 
ceiving the instructions, decoding them, and se- 
quencing the microinstructions, and for handling 
some of the administrative instructions. The BCl is 
responsible for CPU bus tracking and interface. 


The BCl communicates solely with the CPU using 
1/0 bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re- 
spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served 1/0 addresses to communicate with the BCL. 
The BCl does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the CPU and 80C187. 


intel~ 


NPS1 
NPS2 
CMDO 
CMD1 
NPRD 
NPWR 
Bus Cycle 
Type 


x 
0 
x 
x 
x 
x 
80C187 Not Selected 


1 
x 
x 
x 
x 
x 
80C187 
Not Selected 


0 
1 
0 
0 
1 
0 
Opcode 
Write to 80C187 


0 
1 
0 
0 
0 
1 
CW or SW Read from 80C187 


0 
1 
1 
0 
0 
1 
Read Data from 80C187 


0 
1 
1 
0 
1 
0 
Write Data to 80C187 


0 
1 
0 
1 
1 
0 
Write Exception 
Pointers 
0 
1 
0 
1 
0 
1 
Reserved 


0 
1 
1 
1 
0 
1 
Read Opcode 
Status 
0 
1 
1 
1 
1 
0 
Reserved 


The data interface 
and control 
unit latches 
the data 


and, subject 
to BCL control, 
directs 
the data to the 


FIFO or the instruction 
decoder. 
The instruction 
de- 


coder decodes 
the ESC instructions 
sent to it by the 


CPU and generates 
controls 
that direct the data flow 


in the FIFO. It also triggers 
the microinstruction 
se- 


quencer 
that controls 
execution 
of each instruction. 
If the 
ESC 
instruction 
is FINIT, 
FCLEX, 
FSTSW, 


FSTSW 
AX, 
FSTCW, 
FSETPM, 
or 
FRSTPM, 
the 


control 
executes 
it independently 
of the FPU and the 


sequencer. 
The data interface 
and control 
unit is the 


one that generates 
the BUSY, PEREa, 
and ERROR 


signals 
that 
synchronize 
80C187 
activities 
with the 


CPU. 


The 
FPU executes 
all instructions 
that 
involve 
the 


register 
stack, including 
arithmetic, 
logical, transcen- 


dental, 
constant, 
and data transfer 
instructions. 
The 


data path in the FPU is 84 bits wide (68 significant 
bits, 15 llxponent 
bits, and a sign bit) which 
allows 
• 


internal 
operand 
transfers 
to be performed 
at very 


high spe'3ds. 


BusC~'cles 


The 
pins 
NPS1, 
NPS2, 
CMDO, CMD1, 
NPRD 
and 


NPWR identify 
bus cycles for the NPX. Table 
10 de- 


fines the types of 80C187 
bus cycles. 


80C187 
J'DDRESSING 


The NPsf, 
NPS2, CMDO, and CMD1 
signals 
allow 


the NPX to identify which bus cycles are intended 
for 


the NPX. The NPX responds 
to I/O cycles when the 


I/O 
addruss 
is 00F8H, 
OOFAH, OOFCH, or OOFEH. 


The 
cormspondence 
betwen 
I/O 
addresses 
and 


control 
sinnals is defined 
by Table 
11. To guarantee 


correct 
OIJeration of the 
NPX, 
programs 
must 
not 


perform 
any I/O 
operations 
to these 
reserved 
port 


addresseH. 


I/O Address 
80C187 Select 
al1d Command 
Inputs 


(Hexadecimal) 
NPS2 
NPS1 
CMD1 
CMDO 


00F8 
1 
0 
0 
0 
OOFA 
1 
0 
0 
1 
OOFC 
1 
0 
1 
0 
OOFE 
1 
0 
1 
1 


The pins BUSY, PEREa, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 


BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec- 
ognizes an ESC instruction, it asserts BUSY. For 
most 
ESC instructions, the 
CPU waits for 
the 
80C187 to deassert BUSY before sending the new 
opcode. 


The NPX uses the PEREa pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem- 
ory; rather, the CPU provides memory access serv- 
ices for the NPX. 


Once the CPU initiates an 80C187 instruction that 
has operands, the CPUwaits for PEREa signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con- 
tinues program execution while the 80C187 exe- 
cutes the ESC instruction. 


In 8086/8087 
systems, WAIT instructions are re- 
quired to achieve synchronization of both com- 
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil- 
ers and assembly-language programmers for excep- 
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap- 
ping. (Refer to the section "System Configuration for 
8087-Compatible Exception Trapping".) 


Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 


The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
information) 
in 
an 
internal 
16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH.Tables 10 and 11 define the signal 
combinations that correspond to each of the follow- 
ing steps. 
1. The CPU writes the opcode to NPX port 00F8H. 
This write can occur even when the NPX is busy 
or is signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi- 
ately. 
2. The CPU reads the opcode status information 
from NPX port OOFEH. 
3. The CPU initiates subsequent bus cycles accord- 
ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH,when to read or write op- 
erands and results at port OOFAH,etc. 


For most instructions, the NPX does not start exe- 
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to.programmers. 


Bus Operation 


With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 a d NPS2, the NPX select signals. During the 
ClK period in which NPS1 and NPS2 are activated, 
the 80C187 also examines the NPRD and NPRW 


input 
signals 
to determine 
whether 
the 
cycle 
is a 
read or a write 
cycle 
and examines 
the CMDO and 
CMD1 inputs to determine 
whether 
an opcode, 
oper- 
and, or control/status 
register 
transfer 
is to occur. 


The 80C187 
activates 
its BUSY 
output 
some 
time 
after the leading edge of the NPRD or NPRW signal. 
Input and ouput 
data are referenced 
to the trailing 
edges of the NPRD and NPRW signals. 


The 80C187 
activates 
the PEREa 
signal when 
it is 


ready 
for 
data 
transfer. 
The 
80C187 
deactivates 
PEREa 
automatically. 


System Configuration 


The 80C187 
can be connected 
to the 80C186 
CPU 
as shown 
by Figure 
9. (Refer 
to the 80C186 
Data 


Sheet 
for an explanation 
of the 80C186's 
signals.) 


This interface 
has the following 
characteristics: 


• 
The 
80C187's 
NPS1, 
ERROR, 
PEREa, 
and 
BUSY 
pins are connected 
directly 
to the corre- 
sponding 
pins of the 80C186. 


• 
The 
80C186 
pin 
MCS3INPS 
is connected 
to 


NPS1; tJPS2 is connected 
to Vcc. Note that if the 


80C186 
CPU's 
DEN signal is used to gate exter- 


nal data 
buffers, 
it must 
be combined 
with 
the 


NPS signal 
to insure 
numeric 
accesses 
will not 


activate 
these 
buffers. 


• 
The NP :m and NPRW pins are connected 
to the 


RD and WR pins of the 80C186. 


• 
CMD1 e.nd CMDO come from the latched 
A2 and 


A1 of the 80C186, 
respectively. 


• 
The 
8CC187 
BUSY 
output 
connects 
to 
the 


80C186 
TEST/BUSY 
input. 
During 
RESET, 
the 


signal at the 80C187 
BUSY output 
automatically 


prograrr s the 80C186 
to use the 80C187. 


• 
The 80G187 
can use the ClKOUT 
signal 
of the 


80C186 to conserve 
board space when operating 
2 


at 12.5 
MHz or less. 
In this 
case, 
the 
80C187 


CKM input must be pulled HIGH. For operation 
in 


excess of 12.5 MHz, a double-frequency 
external 


oscillator 
for ClK 
input is needed. 
In this case, 


CKM must be pulled lOW. 


BUSY 


ERROR 


PEREQ 
p----f. 
ClK 
I 
I 
I 


AD 15:0 


ALE 


RESET 


WR 


RD 


Io4CS3/NPS 


TEST/BUSY 


Io4CS1/ERROR 


Io4CSO/PEREQ 


ClKOUT 


RESET 


NPWR 


NPRD 


NPS1 


...l... 
CLOCK INPUT 


- 
DIVIDED BY 2 


System Configuration 
for 801861 


80187-CompatibJe 
Exception Trapping 


When the 80C187 ERROR outpubsignal is connect- 
ed directly to the 80C186 ERR R input, floating- 
point exceptions cause interrupt # 16. However, ex- 
isting software may be programmed to expect float- 
ing-point exceptions to be signalled over an ex1ernal 
interrupt pin via an interrupt controller. 


MCSI/ERROR 


RESET 


80C186 PCSx 


INTx 


TEST/BUSY 


MCS3/PEREO 
ALE 
MCS3/NPS 


AI9-A16, 
Ri5 
ADI5-ADD 
WR 


CLKOUT 
A 
0 
0 
R 
E 
S 
S 


A2 


19-0 
Al 


CMDO 
NPRD 
80C187_ 
NPSI 


inte!QP 


For exception handling compatible with the 80186/ 
82188/8087, the 80C186 can be wired to recognize 
exceptions through an ex1ernalinterrupt pin, as Fig- 
ure 10 shows. (Refer to the 80C186 Data Sheet for 
an exp anation of the 80C186's signals.) With this 
arrangement, a flip-flop is needed to latch BUSY 
upon assertion of ERROR. The latch can then be 
cleared during the exception-handler routine by forc- 
ing a peS pin active. The latch must also be cleared 
at RESET in order for the 80C186 to work with the 
80C187. 


NOTIC ::: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNiNG: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operatmg 
Conditions" 
is not recommended 
and ex- 


tended 
,3xposure beyond 
the 
"Operating 
Conditions" 


may aff6ct device reliability. 


Absolute 
Maximum Ratings· 


Case Temperature 
Under Bias (Td...O°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 


with Respect 
to Ground 
-0.5V 
to Vcc 
+ 0.5V 


Power Dissipation 
1.5W 


The 
typical 
relationship 
between 
Icc 
and 
the 
fre- 


quency 
of operation 
F is as follows: 


When the frequency 
is reduced 
below the minimum 


operating 
frequency 
specified 
in the AC Characteris- 


tics table, the internal 
states of the 80C187 
may be- 


come 
indeterminate. 
The 80C187 
clock 
cannot 
be 


stopped; 
otherwise, 
Icc would 
increase 
significantly 


beyond 
what the equation 
above indicates. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input LOW Voltage 
-0.5 
+0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
Vcc 
+0.5 
V 


VICl 
Clock Input LOW Voltage 
-0.5 
+0.8 
V 


VICH 
Clock Input HIGH Voltage 
2.0 
Vcc 
+0.5 
V 


VOL 
Output 
LOW Voltage 
0.45 
V 
IOl = 3.0mA 


VOH 
Output HIGH Voltage 
2.4 
V 
IOH = -0.4mA 


Icc 
Power Supply Current 
156 
mA 
16 MHz 
135 
mA 
12.5 MHz 


III 
Input Leakage Current 
±10 
/-LA 
OV ~ VIN ~ Vcc 


ILO 
1/0 Leakage 
Current 
±10 
/-LA 
0.45V 
~ VOUT ~ Vcc 
- 
0.45V 


CIN 
Input Capacitance 
10 
pF 
FC = 1 MHz 


Co 
I/O or Output Capacitance 
12 
pF 
FC = 1 MHz 


CClK 
Clock Capacitance 
20 
pF 
FC = 1 MHz 


• 


AC Characteristics 
Te = O·C to + 85·C, vee = 5V ±10% 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5 MHz 
16 MHz 
Test 
Symbol 
Parameter 
Mln 
Max 
Min 
Max 
Conditions 
(ns) 
(l1s) 
(ns) 
(ns) 


Tdvwh (t6) 
Data Setup to NPWR 
43 
33 


Twhdx (t7) 
Data Hold from NPWR 
14 
14 


Trlrh (t8) 
NPRD Active Time 
59 
54 


Twlwh (t9) 
NPWR Active Time 
59 
54 


Tavwl (t10) 
Command 
Valid to NPWR 
0 
0 


Tavrl (t11) 
Command 
Valid to NPRD 
0 
0 


Tmhrl (t12) 
Min Delay from PEREa 
Active 
40 
30 
to NPRD Active 


Twhax (t18) 
Command 
Hold from NPWR 
12 
8 


Trhax (t19) 
Command 
Hold from NPRD 
12 
8 


Tivcl (t20) 
NPRD, NPWR. RESET to 
46 
38 
Note 1 
elK 
Setup Time 
Tclih (t21) 
NPRD, NPWR. RESET from 
26 
18 
Note 1 
ClK 
Hold Time 


Trscl (t24) 
RESET to ClK 
Setup 
21 
19. 
Note 1 


Tc1rs(t25) 
RESET from ClK 
Hold 
14 
9 
Note 1 


Tcmdi (t26) 
Command 
Inactive Time 
Write to Write 
69 
59 
Read to Read 
69 
59 
Read to Write 
69 
59 
Write to Read 
69 
59 


NOTE: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific elK 
edge. 


Timing Responses 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5 MHz 
16 MHz 
Test 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Conditions 


(ns) 
(ns) 
(ns) 
(ns) 


Trhqz (t27) 
NPRD Inactive to Data Float' 
18 
18 
Note 2 
Trlqv (t28) 
NPRD Active to Data Valid 
50 
45 
Note 3 


Tilbh (t29) 
ERROR Active to Busy Inactive 
104 
104 
Note 4 


Twlbv (t30) 
NPWR Active to Busy Active 
80 
60 
Note 4 


Tklml (t31) 
NPRD or NPWR Active 
80 
60 
Note 5 


to PEREQ Inactive 


Trhqh (t32) 
Data Hold from NPRD Inactive 
2 
2 
Note 3 


Trlbh (t33) 
RESET Inactive to BUSY Inactive 
80 
60 


NOTES: 
"The data float delay is not tested. 
2. The float condition occurs when the measured output current is less th3n IOLon 015-00. 
3.015-00 
loading: CL = 100 pF. 
4. BUSY loading: CL = 100 pF. 
5. On last data transfer of numeric instruction. 


12.5 MHz 
16 MHz" 
Test 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Conditions 


(ns) 
(ns) 
(ns) 
(ns) 


Tclcl 
(t1 a) 
ClK 
Period 
CKM = 1 
80 
250 
N/A 
N/A 
Note 6 
(t1 B) 
CKM = 0 
40 
125 
31.25 
125 
Note 6 


Tclch 
(t2a) 
ClK 
low 
Time 
CKM = 1 
35 
N/A 
Note 6 
(t2b) 
CKM = 0 
9 
7 
Note 7 


Tchcl 
(t3a) 
ClK 
High Time 
CKM = 1 
35 
N/A 
Note 6 
(t3b) 
CKM = 0 
13 
9 
Note 8 


Tch2ch1(t4) 
10 
8 
Note 9 


Tch1ch2(t5) 
10 
8 
Note 10 


NOTES: 
"16 MHz operation is available only in divide-by-2 mode (CKM strapped LOW). 
6. At 1.5V 
7. At 0.8V 
8. At 2.0V 
9. CKM = 1: 3.7V to 0.8V at 16 MHz, 3.5V to 1.0V at 12.5 MHz 
10. CKM = 1: 0.8V to 3.7V at 16 MHz, 1.0V to 3.5V at 12.5 MHz 
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NOTE: 
RESET, 
NPWR. 
NPRD 
inputs 
are asynchronous 
to ClK. Timing 
requirements 
are given for testing 
purposes 
only, to assure 
recognition 
at a specific 
ClK edge. 
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80C187 
EXTENSIONS 
TO THE CPU's 
INSTRUCTION 
SET 


Instructions for the 80C187 assume one of the five 
forms shown in Table 12. In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011B, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper- 
ands specify addresses using the CPU's addressing 
modes. 


MOD (Mode field) and RIM (Register/Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of CPU instructions (refer to Pro- 
grammer's Reference Manual for the CPU). The 


DISP (di>placement) is optionally present in instruc- 
tions thc.t have MOD and RIM fields. Its presence 
depends on the values of MOD and RIM, as for in- 
structions of the CPU. 


The instl'uction summaries that follow assume that 
the instnlction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quests delaying processor access to the bus; and 
that no 13xceptionsare detected during instruction 
execution. Timings are given in internal 80C187 
clocks a,d include the time for opcode and data 
transfer between the CPU and the NPX. If the in- 
struction has MOD and RIM fields that call for both 
base anc index registers, add one clock. 


Instruction 
Optional 


First Byte 
Second 
Byte 
Field 


1 
11011 
OPA 
1 
MOD 
1 
I 
OPB 
RIM 
DISP 


2 
11011 
MF 
OPA 
MOD 
OPB • 
RIM 
DISP 


3 
11011 
d 
P 
OPA 
1 
1 
OPB • 
ST (i) 


4 
11011 
0 
0 
1 
1 
1 
1 
I 
OP 


5 
11011 
0 
1 
1 
1 
1 
1 1 
OP 


NOTES: 
OP = Instructionopcode,possiblysplitinto two fieldsOPAandOPB 
MF = MemoryFormat 
d = Destination 
00- 
32-BitReal 
0- 
Destnationis ST(O) 
01- 
32-BltInteger 
0- 
Destinationis ST(i) 
10- 64-BltReal 
R XORd = 0- 
Destination(op)Source 
11- 
16-BitInteger 
R XORd = 1- Source(op)Destination 


'In FSUBand FDIV,the low-orderbit of OPBis the R (reversed)bit 
P = Pop 
ST(i)= Re~isterStackElementi 
0- 
Do not pop stack 
000 = StackTop 
1- 
Popstackafter operation 
001 = SocondStackElement 
ESe = 11011 
••• 
111 = Ei~hthStackElement 
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I 
Encoding 
Clock 
Count 
Range 


Instruction 
I 
Byte 
I 
Byte 
I 
Optional 
32-Blt 
I 
32-Blt 
I 
64-Blt 
I 
16-Blt 
0 
1 
Bytes 
2-3 
Real 
Integer 
Real 
Integer 


DATA 
TRANSFER 


FLD 
~ 
Load" 


Integerlreal 
memory 
to ST(O) 
I 
ESC MF 1 
I 
MOD 000 RIM 
I 
DISP 
40 
65-72 
59 
67-71 


Long integer 
~emory 
to ST(O) 
I 
ESC 111 
I 
MOD 101 RIM 
I 
DISP 
90-101 


Extended 
real memory 
to ST(O) 
I 
ESC011 
I 
MOD101 
RIM 
I 
DISP 
74 


BCD memory 
to ST(O) 
I 
ESC111 
I 
MOD 
100 RIM 
I 
DISP 
296-305 


ST(i) to ST(O) 
I 
ESC 001 
I 
11000 ST(i) 
I 
16 


F5T 
~ Store 


ST(O) to integerlreal 
memory 
I 
ESCMF 
1 
I 
MOD 010 RIM 
I 
DISP 
56 
93-107 
73 
60-93 


ST(O) to ST(I) 
I 
ESC 101 
I 
11010ST(i) 
I 
13 


F5TP = Store 
and Pop 


ST(O) to integerlreal 
memory 
I 
ESCMF1 
I 
MOD011 
RIM 
I 
DISP 
56 
93-107 
73 
60-93 


ST(O) to long integer 
memory 
I 
ESC 111 
I 
MOD111 
RIM 
I 
DISP 
116-133 


ST(O) to extended 
real 
I 
ESC011 
I 
MOD111 
RIM I 
DISP 
63 


ST(O) to BCD memory 
I 
ESC111 
I 
MOD 110 RIM 
I 
DISP 
542-564 


ST(O) to ST(i) 
I 
ESC 101 
I 
11001 ST(i) 
I 
14 


FXCH = Exchange 


ST(I) and ST(O) 
I 
ESC001 
I 
11001 ST(i) 
I 
20 


COMPARISON 


FCOM = Compare 


Integerlreal 
memory 
to ST(O) 
I 
ESCMFO 
I 
MOD 010 RIM 
I 
DISP 
46 
76-65 
67 
77-61 


ST(i) to ST(O) 
I 
ESC 000 
I 
11010ST(i) 
I 
26 


FCOMP 
~ Compare 
and pop 


Integerlreal 
memory 
to ST 
I 
ESC MFO 
I 
MOD011 
RIM 
I 
DISP 
46 
76-65 
67 
77-61 


ST(i) to ST(O) 
I 
ESC 000 
I 
11011 
ST(i) 
I 
26 


FCOMPP 
= Ccmpare 
and pop twice 


ST(1) to ST(O) 
I 
ESC110 
I 
11011001 
I 
26 


FTST = Test ST(O) 
I 
ESC001 
I 
11100100 
I 
30 


FUCOM = Unordered 
COmpllffl 
I 
ESC101 
I 
11100STQ) 
I 
26 


FUCOMP = Unordered 
compare 
and pop 
I 
ESC101 
I 
111015TO) 
I 
26 


FUCOMPP 
= Unordered 
compare 
and pop twice 
I 
ESC010 
I 
11101001 
I 
28 


FXAM 
~ 
Examine 
ST(O) 
I 
ESC 001 
I 
11100101 
I 
32·40 


CONSTANTS 


FLDZ = Load + 0.0 into ST(O) 
I 
ESC 001 
I 
11101110 
I 
22 


FLD1 
~ 
Load + 1.0 into ST(O) 
I 
ESC001 
I 
11101000 
I 
26 


FLDPI 
~ 
Load pi into ST(O) 
I 
ESC001 
I 
11101011 
I 
42 


FLDL2T 
= Load log2(1 0) into ST(O) 
I 
ESC001 
I 
11101001 
I 
42 


NOTE: 
a. When 
loading 
single- 
or double-precision 
zero from memory, 
add 5 clocks. 


intel~ 


I 
Encoding 
Clock Count Range 


Inatructlon 
I 
Byte 
I 
Byte 
I 
Optional 
32·BII I 
32·Blt I 
64·Blt I 
16·Blt 
0 
1 
Byte I 2-3 
Real 
Integer 
Real 
Integer 


CONSTANTS (Continued) 


FLDL2E = Load I092(e)into 5T(0) 
I 
E5Cool 
I 
11101010 
I 
42 


FLDLG2 ~ Load 10910(2)into 5T(0) 
I 
E5COOl 
I 
11101100 
I 
43 


FLDLN2 = Load 109.(2)into 5T(0) 
I 
E5COOl 
I 
11101101 
I 
43 


ARITHMETIC 


FADD ~ Add 


Integer/real memory with 5T(0) 
I 
E5C MFO 
I MOD 000 R/M I 
DI~;P 
44-52 
77-92 
65-73 
77-91 


5T(i) and 5T(0) 
I 
E5C d P 0 
I 
110005T(i) 
I 
25-33b 


FSUB ~ 5ubtract 


Integer/real memory with 5T(0) 
I 
E5CMFO 
I MOD10RR/M 
I 
DlfP 
44-52 
77-92 
65-73 
77-91c 


5T(i) and 5T(0) 
I 
ESCdPO 
I 
1110RR/M 
I 
28-36d 


FMUL = Multiply 


Integer/real memory with ST(O) 
I 
E5C MFO 
I MOD 001 R/M I 
DISP 
47-57 
81-102 
68-93 
82-93 


ST(i) and ST(O) 
I 
ESCd PO 
I 
1100 1 R/M 
I 
31-599 


FDIV = Divide 


Integer/real memory with ST(O) 
I 
ESC MFO 
I MODll 
RR/M I 
DI5a 
108 
140-1471 
128 
142-1469 


ST(i) and 5T(0) 
I 
ESCdPO 
I 
1111 RR/M 
I 
90h 


FSQRTI ~ Square root 
I 
ESCOOl 
I 
11111010 
I 
124-131 


FSCALE ~ 5cale ST(O)by ST(l) 
I 
ESCOOl 
I 
11111101 
I 
69-88 


FPREM = Partial remainder 01 
ST(O) .;- 5T(1) 
I 
ESCOOl 
I 
11111000 
I 
76-157 


FPREM1 = PartlaI remainder 
(IEEE) 
I 
ESC001 
I 
11110101 
I 
97-167 


FRNDlNT = Round 5T(0) 
to integer 
I 
ESC001 
I 
11111100 
I 
68-62 


FXTRACT ~ Extract components 
015T(0) 
I 
E5Cool 
I 
11110100 
I 
72-78 


FABS = Absolute value 01ST(O) 
I 
ESCool 
I 
11100001 
I 
24 


FCHS = Change sign 01ST(O) 
I 
ESCool 
I 
1110סס oo 
I 
26-27 


NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 54 (When d = 0,48-56, 
typical = 51). 
f. Add 1 clock to the range when R = 1. 
g. 153-159 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 
,;; ST(O) S; + "". 
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I 
Encoding 
Instruction 
I 


Byte 
I 


Byte 
I 


Optional 
Clock 
Count 
Range 


0 
1 
Bytes 
2-3 


TRANSCENDENTAL 
I 
I 
I 
- 


FCOS = Cosine 
of ST(O) 
ESCool 
1111 1111 
125-774) 


FPTANk 
= Partial 
tangent 
of ST(O) 
I 
ESCool 
I 
11110010 
I 
193-4991 


FPATAN 
= Partiel 
arctangent 
I 
ESCool 
I 
11110011 
I 
316-489 


FSIN = Sine of ST(O) 
I 
ESCOOl 
I 
11111110 
I 
124-n31 


FSINCOS 
= Sine and cosine 
of ST(O) 
I 
ESCool 
I 
11111011 
I 
196-811) 


F2XM1' 
= 2ST(0) - 
1 
I 
ESC 001 
I 
11110000 
I 
213-478 


FYL2xm 
= ST(l) 
, 1092(ST(0)) 
I 
ESC 001 
I 
11110001 
I 
122-540 


FYL2XP1" 
= ST(l) 
'1092(ST(0) 
+ 1.0) 
I 
ESCOOl 
I 
11111001 
I 
259-549 


PROCESSOR 
CONTROL 


FINIT 
~ 
Initialize 
NPX 
I 
ESCOll 
I 
11100011 
I 
35 


FSTSW 
AX = Store status 
word 
I 
ESClll 
I 
11100000 
I 
17 


FLDCW 
= Load control 
word 
1 
ESC 001 
1 
MOD 101 RIM 
1 
DISP 
23 


FSTCW = Store control 
word 
1 
ESC 001 
I 
MODlll 
RIM 
1 
DISP 
21 


FSTSW 
~ 
Store 
status 
word 
I 
ESC 101 
I 
MODlll 
RIM 
I 
DISP 
21 


FCLEX 
~ 
Clear exceptions 
I 
ESCOll 
I 
11100010 
I 
13 


FSTENV 
= Store 
environment 
I 
E5COOI 
I 
MOD 110 RIM 
I 
DISP 
146 


FLDENV 
= Load environment 
I 
ESCOOI 
1 
MOD 100 RIM 
1 
DISP 
113 


FSA VE = Save state 
I 
ESC10l 
I 
MOD 
110 RIM 
I 
DI5P 
550 


FRSTOR 
= Restore 
state 
I 
ESC10l 
I 
MOD 100 RIM 
I 
DISP 
482 


FINCSTP 
= Increment 
stack 
pointer 
I 
ESCool 
I 
11110111 
I 
23 


FDECSTP 
= Decrement 
stack 
pointer 
I 
ESCOOI 
I 
11110110 
I 
24 


FFREE 
~ 
Free ST(i) 
I 
ESC10l 
I 
1100 0 5T(i) 
I 
20 


FNOP = No operations 
I 
ESC 001 
I 
11010000 
I 
14 


NOTES: 
j. These 
timings 
hold for operands 
in the range Ixl < 1r / 4. For operands 
not in this range, 
up to 78 clocks 
may be needed 
to 
reduce 
the operand. 
k. 0 ,;; 
1 ST(O) 
I < 263. 


I. -1.0 
,;; ST(O) ,;; 1.0. 


m.O 
,;; ST(O) < 00, 
- 
00 < ST(1) < + 00. 


n. 0 ,;; IST(O)I < (2 - vi (2))/2, 
- 
00 < ST(1) < + 00. 


The following 
list represents 
the key differences 
between 
the -002 and the -001 version 
of the 80C187 
data 
sheet. 
Please review this summary 
carefully. 


1. Figure 
10, titled 
"System 
Configuration 
for 8087-Compatible 
Exception 
Trapping", 
was replaced 
with a 
revised 
schematic. 
The previous 
configuration 
was faulty. Updated 
timing diagrams 
on Data Transfer 
Tim- 


ing, Error Output, 
and RESET IBUSY. 
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Currently, integrated circuit manufacturers are specify- 
ing devices for low voltage operation. Most devices are 
specified for operation around 3V. This can indicate 
operation centered around 3.0V, 3.3V or other voltages. 
Many devices are even specified for operation at 2V and 
below. 


In many embedded designs. the designer wants the low- 
est system power dissipation possible. Embedded, low 
voltage designs require maximum battery life which is 
directly proportional to the current consumption of the 
system. System current consumption is a linear func- 
tion of operating voltage. 


This application note discusses why low voltage devices 
and systems are beneficial and how to design low volt- 
age systems. Power supplies, mixed voltage systems. 
single voltage systems and power management schemes 
are all discussed. Although 3V systems are specifically 
discussed, the concepts apply to all low voltage designs. 


The term "3V" usually refers to 3.3V ±O.3V. This is 
the JEDEC standard for regulated supplies. The major- 
ity of devices are specified for 3.3V operation, the stan- 
dard being used for portable PC's. JEDEC Standard 8 
defmes LVCMOS 
(Low Voltage CMOS) operating 


voltages and interface levels for low voltages. JEDEC 
Standard 8.1 defmes LVTIL (Low Voltage TIL) com- 
patibility. The LVTIL 
standard defines specifications 


for low voltage devices that operate in SV TIL systems 
without interface logic. 


There is also a standard for unregulated supplies, 2.7V 
to 3.6V (battery operated systems). Few devices are 
currently specified for operation in the unregulated re- 
gion. Many devices used in embedded applications have 
a wider Vcc range and do not conform to this stan- 
dard. AVec 
specification from 2.7V to S.SV allows 


operation from an unregulated alkaline battery supply 
(3 x AA). Older SV devices derated for 3V operation 
(specified for 3V operation at a reduced frequency) typ- 
ically can operate in this region. 


Components are being specified to operate at 3V for 
two reasons. First, advanced fabrication technologies 
incorporating smaller device geometries require lower 
operating voltages. Second, there are a number of ad- 
vantages to operating a system at low voltage. 


One of the driving factors to reduce component operat- 
ing volta@esis technology. As device channel lengths 
and oxide thicknesses decrease (Figure 2-1), lower op- 
erating voltages are required to maintain component 
reliability. Three main reliability concerns are: oxide 
breakdow'l, punch-through, and hot-electron effects. 


As feature length and width in a component decrease. 
depth also decreases. With thinner gate oxides, lower 
gate voltages are required to avoid dielectric breakdown 
in the oxide. If oxide breakdown occurs, the gate of the 
device begins to draw current. 


As the chllnnel lengths shorten, lower source and drain 
voltages are required to keep the depletion regions 
around th ~wells from meeting, at this point, the cur- 
rent through the device is no longer controlled by the 
voltage on the gate. 


Finally, lower voltages are required to avoid hot-elec- 
tron etTectt. Electrons can lodge in the gate oxide, alter- 
ing the charge in the oxide. When charge is added to 
the gate Ol:ide,the turn-on voltage of the device is al- 
tered. degrading performance. 


Presently, 110tall devices are being designed to operate 
specifically at low voltages. Many devices are SV de- 
signs with their performance derated for low voltage 
operation. These devices are only rated for low voltage 
operation because of the benefits it has for system de- 
signs. Operating parts at lower voltages has some signif- 
icant advantages at a system level. 
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of a system varies linearly with the operating voltages 
of the devices. Equation 2.1 expresses this relationship. 


Equation 2.1: lee = Cf V· dt "" /:;.v • C • F 


where 
lee = 
/:;.V = 
C= 


Device current consumption 
Switching voltage 
Device capacitance and output ca- 
pacitive loading 
Device operating frequency 


Determining the current consumption of an entire sys- 
tem is not quite this straightforward, but this topic will 
be examined in more detail later. The point is, lowering 
device operating voltages from 5V to 3V decreases cur- 
rent consumption by at least 40 percent. Battery life 
increases by more than 40 percent, as batteries last 
longer at lower discharge rates. For example, a battery 
rated at 100 mAH with a load of 10 mA would last 10 
hours. If the battery only had to supply 5 mA, it would 
have a life longer than the expected 20 hours. Reducing 
system voltage also decreases the number of batteries 
needed to produce the required operating voltage. 


Heat generated by a device is proportional to the power 
it consumes. The formula for power consumption of a 
device is the current (Equation 
1) multiplied by the 
operating voltage (V). Power consumption varies as the 
square of the operating voltage. Reducing the operating 
voltage of a device from 5V to 3V decreases power con· 
sumption by 64 percent. Heat dissipation is reduced by 
the same amount. This has a couple of important impli- 
cations. On a device level, parts that generate less heat 
do not have as many constraints placed on packaging. 
Packages with much smaller footprints can be created 
and plastic packages can be offered for devices previ- 
ously only offered in ceramic packages. On a system 
level, if parts produce less heat, they can be placed clos- 
er together. These advantages allow reduction of the 
overall form factor and weight ofa system. Additional- 
ly, many device failure mechanisms are heat related. 
Systems producing less heat have higher reliability. 


Noise generated by devices is a concern for all system 
designers. The effects of noise: overshoot, undershoot, 
ground bounce, etc., are a function of dV/dt. On low 
voltage devices, dV/dt 
is lower. This is discussed in 
more detail in a later section. Decreased noise genera- 
tion by low voltage systems simplifies design and makes 
meeting maximum noise limits easier. 
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better designs. Low voltage designs also enable older 
designs to become mobile/portable. 


Low voltage systems have many aspects in common 
with standard 5V designs. In addition to the normal 
design considerations made in any 5V system, low volt- 
age designs have some areas that need specific atten- 
tion. System power supply, mixed voltage interfaces, 
and complete low voltage designs all need to be consid- 
ered. 


When designing the power supply for a low voltage 
system, the characteristics of that system must be taken 
into account. A supply must exist for each operating 
voltage on a board. This could mean a number of differ- 
ent voltages for logic, communications, displays, and 
other functions. For each voltage generated, the design- 
er must determine the worst-case current consumption 
of the system. Number of supplies and their capacity 
determine the power supply design. 


A major application oflow voltage devices in embedded 
systems is in portable systems that require battery oper- 
ation. T e type of battery the designer chooses affects 
the power supply design. Batteries are characterized by 
two general discharge curves. Alkaline batteries have a 
constantly decreasing voltage output (Figure 3-la). Ni- 
Cad batteries (as well as Nickel-Hydride, Lithium and 
others) have a relatively constant voltage through the 
majority of their life (Figure 3-1b). Internal chemical 
reactions and the number of cells inside each battery 
determine the output voltage. 


VOLTS 
VOLTS 
bt= 


0% 
100% 
0% 
100% 
PERCENT 
DISCHARGED 
PERCENT 
DISCHARGED 
272324-2 
(a) 
(b) 


Figure 3·1. Typical 
Battery 
Discharge 
Curves 


The battery discharge curve and voltage requirements 
of the system components determine whether voltage 
regulation is required. A system utilizing components 
with narrow voltage specifications (3.3V ± 10%, for ex- 
ample) using Alkaline batteries, would require a voltage 
regulator 
to translate 
the battery output 
voltage to 


something usable by the system. NiCad batteries, on 
the other hand, provide a stable enough voltage over 
their lifetime that the designer could avoid using a reg- 
ulator. 


Although the constant voltage type of batteries may 
appear to be the most efficient choice, a number of oth- 
er tradeoffs exist such as overall capacity, rechargeabili- 
ty, temperature sensitivity, safety, volume, weight and 
cost. When deciding on a battery, these characteristics, 
or combinations of these characteristics should be con- 
sidered. For example, an application may require maxi- 
mum capacity, but minimum weight, so capacity per 
unit weight may be the most important combination. 
Also, rechargeability mayor 
may not be important to 


the design. Secondary batteries, such as NiCad may be 
recharged, while primary batteries such as alkaline may 
not. 


Voltage regulators may be required in systems where 
battery output voltage and system Vee requirements 
do not match. For example, three Alkaline AA batter- 
ies would discharge from about 4.5V to about 2.7V over 
their lifetime. A device specified for operation from 3V 
to 3.6V would require this supply to be regulated. Volt- 
age regulated systems have the advantage of having a 
stable, constant Vee for the life of the batteries. The 
disadvantages include extra board space needed for the 
regulator(s) and decreased battery life due to regulator 
efficiency losses. Most regulator efficiencies run from 
the mid-SOpercent to low-90 percent range. 


In low power designs, voltage regulation is usually per- 
formed with pulse-skipping regulators, current-mode 
pulse width 
modulators 
(PWM's) 
or voltage-mode 
PWM's. Each of these methods has certain advantages 
and disadvantages. Important regulator characteristics 
include output .ripple amplitude and frequency, efficien- 
cy, quiescent current, transient response and physical 
size requirements. Individual designs will have different 
requirements, 
and these issues should be considered 


when designing the system power supply. 


3.1.3 <~ALCULATING SYSTEM 
POWER 
<:ONSUMPTION 


When designing a system power supply, it is important 
to understand system current requirements. Knowing 
the won,t-case current consumption allows the designer 
to chom.e the voltage regulation method, estimate sys- 
tem bat~ery life and determine system packaging re- 
quireme 1tS(heat dissipation, etc.). 


Many fr.ctors determine total system current. Device 
current, discrete component current, and leakage cur- 
rent are all factors. The general formula for current 
consumption, I is: 


Where: V = voltage, C = capacitance, and f = fre- 
quency. This formula must be used for all components 
in the s~'stem to estimate current consumption. The 
term "estimate" 
is used because, until the design is 


complete:i, fabricated, and tested, there is no way to 
know the exact current consumption. Actual current 
will depend on the way the software controls the hard- 
ware in tne system, temperature and other factors. To 
estimate current consumption, some assumptions are 
required to keep the calculations from becoming too 
detailed. The various contributors 
to system current 


consumption are detailed in the following sections. 


There arc two parts to device current consumption: 
core currmt and I/O current. Core current is typically 
a large percentage of the total device current. I/O cur- 
rent is a fmaller percentage, but still a major contrib- 
utor to to:al system current. 


Core CUITlmtis the current consumed by internal tran- 
sistors sWitching and the charging and discharging of 
internal capacitances. In this situation, V in Equation 
3.1 is eqlul to Vee. All of the internal nodes switch 
between Vee and ground. The frequency term is the 
device opolrating frequency. The Capacitance 
term, 


slightly more complicated, is an equivalent capacitance 
accounting for all internal node and trace capacitances. 
To determine this value, Ice is measured at a known 
frequency .md voltage with output pins inactive, Equa- 
tion 3.2 is then solved for the equivalent capacitance 
(Equation 3.3). This value applies to all operating fre- 
quencies. 


I/O current is the current consumed by outputs switch- 
ing. To determine I/O current, V in Equation 1 is the 
voltage swing of the output, Vcc in a normal, CMOS 
system. The capacitance term is the sum of all input 
capacitances of devices connected to the output plus the 
capacitance of the PCB trace (approximately 2 pF/in.). 
The frequency term is the switching frequency of the 
output, not necessarily the operating frequency of the 
system. The frequency term can be determined by ap- 
proximating 
how often an output switches during a 
particular time period. The measure of time in an em- 
bedded system is typically a processor bus cycle. Using 
the 8OCl86 embedded processor as an example, the ma- 
jor contributors to I/O current are the AddresslData 
bus, RD #, WR # and ALE outputs. Depending on the 
application, 
other 
outputs 
may 
switch 
frequently 


enough to be included in current calculations. These 
signals are used as a simple example. 


Because of the multiplexed AddresslData 
bus on the 
186 device, data is written and read on the same pins 
that drive address information. Thus, read and write 
cycles need to be treated separately. An analysis of bus 
cycles for a typical application indicates that about 80 
percent are read cycles (data reads and instruction 
fetches) and the remaining 20 percent are write cycles. 
Equation 3.4 represents the Address/Data 
bus current 


for a write cycle. 


where: 


V = 
VCC 
C = 
Load capacitance per pin 


f = 
Processor operating frequency 
n = 
Number of clocks per bus cycle (4 at zero 
wait states) 
x = 
Number of pins switching during the ad- 
dress phase 
y = 
Number of pins switching during the data 
phase 


Because of the random nature of data being read/writ- 
ten, it is a reasonable assumption that approximately 
half of the AddresslData 
pins will switch during each 
phase of the bus cycle (address and data). For a read 
cycle, the equation will be identical, with y = 0, as 
shown in Equation 3.5. 


Equation3.5: Iread = 01• C • f) • (1In) • (x) 


The control signals: RD#, 
WR# 
and ALE are driven 
during each bus cyCle.Equation 3.6 shows the current 
for the combined control signals. Each of these signals 
switch twice during a bus cycle, once to go active and 
once to go inactive or vice-versa. 
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Equation3.6: Icontrol = (V.• C • f) • (1In) • (x) 


V = 
Vcc 
C = 
Load capacitance on the control signal 
pin 
f = 
Processor operating frequency 


n = 
Number of clocks per bus cycle (4 at zero 
wait states) 
x = 
Number 
of 
times 
the 
control 
signal 


switches during a bus cycle 
ALE: 
x = 2 
RD#!WR#: 
x = 2 


Total I/O current, Equation 3.7, is calculated by add- 
ing equations 3.4, 3.5 and 3.6. 


Equation3.7: 1/0 current = Iread. (0.8) + Iwrite 


• (0.2) + Icontrol 


The 0.8 and 0.2 factors come from the percentage of 
read and write bus cycles in a typical system. A similar 
analysis is required for all devices within a system. The 
system processor will usually be the most difficult. 
Once thiS is done, many of the approximations made 
apply to calculations for the rest of the system. 


Current consumed by discrete components must also be 
factored into total system current. Current consumed 
by pull-up or pull-down resistors, voltage dividers, 
transistors or other discrete components must be in- 
cluded. These are relatively straightforward 
calcula- 


tions, and do not require elaboration. 


Leakage currents from devices are typically very small 
and can usually be ignored when calculating system 
current consumption. When a CMOS device is in a 
static condition, all p and n transistors inside the device 
should have their gates driven to VCCor Ground, turn- 
ing them on or off. The equivalent resistance of an 
"off' transistor is approximately 5 Mn, the equivalent 
resistance of an "on" transistor is typically less than 
lOOn. Some current flows through this resistive path to 
ground. Typically, this amount will be in the /-LA range. 


Leakage current can become more significant. If a de- 
vice is running at a given Vcc' there may be situations 
where an input is not driven close to Vcc. The p and n 
transistors of the device input buffers will not be com- 


pletely turned on or off. This lowers the equivalent re- 
sistance through the transistors to ground. On some 
devices (AC logic, as an example), at VIN = Vee - 
2.1V, the device may consume as much as \.5 mA addi- 
tional current per input pin. Typically, this value is 
from 100 p.A to 200 p.A per input, but still measurable. 
This additional current exists unless the input to the 
device is driven close to Vee. Most logic data sheets list 
this specification as Alec. given as a maximum current 
per input pin with the input at Vee - 
2.1V. 


3.1.4 
SUMMARY: 
CALCULATING 
POWER 
CONSUMPTION 


For a complete system design, total system current con- 
sumption must be calculated. This analysis determines 
power supply design, product packaging and battery 
life. Although an exact calculation may not be possible 
(or practical), a worst-case analysis with reasonable ap- 
proximations allows a reliable system design. 


One of the difficulties in designing a low voltage system 
is product availability. There are a large number of 
manufacturers producing low voltage products (3V or 
lower). Embedded processors, like the Intel 80Ll86EA, 
EB and EC have been available at 3V for some time. 
Memory and logic are also widely available. Some pe- 
ripheral components are still not available at low volt- 
ages. Many of these components require redesign to 
operate at low voltages. Until these components are re- 
placed with low voltage versions, systems requiring 
their functionality have to utilize the 5V version. This 
causes tremendous headaches for system designers. Sys- 
tem cost, complexity and power consumption all suffer 
due to the lack of a complete selection of low voltage 
devices. 


Somewhere within a mixed voltage design, the designer 
must interface 3V and 5V devices. This can happen in 
3V to 5V translation, 5V to 3V translation, bidirection- 
al translation 
or 3V and 5V devices residing on the 


same system bus. As simple as these interfaces may 
seem, there are still problems to be solved. 


One way to translate a 3V output to a 5V CMOS level 
is with ACTIHCT 
logic. These parts accept a TTL 


level input and give a CMOS output. When operating 
at 5V, these parts see a 3V level input the same as they 
would see a 5V TTL level input. The output will be a 
5V CMOS level. This is a relatively straightforward ap- 
proach, but it does have the problem of additional cur- 
rent consumption (Alec). 


The JEDEC standard for 3.3V outputs is compatible 
with TTL input requirements. If the 5V device connect- 
ed to the :IV output already has TTL compatible in- 
puts, no interface logic is required. 


Unfortunately, a 5V output cannot be connected direct- 
ly to a 3V input. Maximum operating conditions for 
most devie-:sspecify the maximum voltage on any input 
pin. This number is typically Vee + O.5V (LVTTL 
and unreglilated LVCMOS), and on some 3V devices is 
Vee + \.IlV (regulated LVCMOS). A 5V CMOS out- 
put high t}pically drives close to Vee. When the maxi- 
mum inpu1 voltage is exceeded, the ESD (Electrostatic 
Discharge) protection diode on the input of the device 
forward biases and current flows into the 3V Vee (Fig- • 
ure 3-2). This causes unacceptably high current con- 
sumption. Connecting a 5V output to a 3V input leads 
to reliability problems. Device manufacturers are devel- 
oping input buffers for low voltage devices that are 5V 
tolerant, but until these devices are widely available, 
other solutions are required. 


A 5V bipolar TTL device may be connected directly to 
a 3V inpu·:. Some newer 5V CMOS devices have out- 
puts with reduced voltage swings. These devices have 
3V compa:ible outputs and may be connected directly 
to 3V inputs. The designer must be careful when regu- 
lating the :iV and 3V supplies. If the 5V supply goes to 
5.5V and :he 3.3V supply goes to 3.0V, the 3V input 
specification could be violated. 


There is a way to work around the problem of driving a 
3V input with a 5V output. Series resistors can be 
placed on the outputs of the 5V device. The goal is to 
drop the voltage to a level acceptable by the 3V device. 
The value of the resistor must be chosen to limit the 


degradation, 
then it is a simple, inexpensive way to 


translate from 5V to 3V. As a final point on this sub- 
ject, if this solution is implemented, 
considerations 
must be made for system power-up. If the 5V supply 
ramps much faster than the 3V supply, the substrate 
diode may still be forward biased temporarily, leading 
to reliability problems. This situation must be taken 
into account when determining the resistor value. The 
designer must either assume the worst case where the 
5V part Vcc = 5.5V and the 3V part has Vcc = OV 
or the 3V and 5V supplies must be sequenced. 


3.2.1.3 
Voltage 
Translation 
with Open Drain 
Outputs 


Open drain output devices provide a simple way to con- 
vert from 3V to 5V and vice-versa (Figure 3-3). All that 
is required is an external pullup resistor to the desired 
output voltage. If the open drain device outputs a logic 
"I", there is virtually no current consumption penalty 
for the conversion. If the output is a logic "0", there is 
a current path to ground, but a high resistance pullup 
will limit the amount of current (at the cost of speed). 


Figure 3·3. Voltage 
Translation 
with 
Open Drain Outputs 


If an open drain device is not available, the function 
can be easily duplicated 
using an external MOSFET 


and a resistor. This circuit will be identical to Figure 
3-3, except the transistor will be external to the device. 
The output to be translated connects to the gate of the 
transistor. An n-transistor connected to ground with a 
pullup to Vcc will act as an inverter for the output. A 
p-transistor connected to ground with a pullup resistor 
will not invert the output. The switching time required 
by the external MOSFET must be considered when de- 
termining system timing. 


The methods described above all work well for translat- 
ing unidirectional signals. What happens if a 5V periph- 
eral resides on a 3V bus? Ideally, a designer could place 
a 5V device and a 3V device on the same system bus. 
Unfortunately, 
a floated 3V output will be damaged 


when a 5V part drives the bus. Depending on the state 
of the inputs to the 3V device output buffers, it is possi- 
ble that the p-transistor will turn on (Figure 3-4). If this 
device turns on, the 5V supply and 3V supply are short- 
ed together. Even if this situation does not occur, the 
5V signal still forward biases the ESD protection diodes 
inside the 3V device, creating a situation similar to a 5V 
output driving a 3V input. Fortunately, 
a number of 


manufacturers 
are producing buffers with two Vcc 


pins. The: devices translate bidirectionally between the 
two Vcc values. These are the most practical solution 
for bidirectional translation between 3V and 5V. Sys- 
tem busses must operate at a single voltage with other 
voltages buffered. 


Figure 3·4. 5V Device Driving a 


Floated 
3V Output 


3.2.2 
DISADVANTAGES 
OF MIXED 
VOLTAGE 
SYSTEMS 


It is obvious at this point that there really are no advan- 
tages to mixed voltage systems over complete 3V de- 
signs. They only exist because of the absence of a com- 
plete selection of low voltage devices. During the indus- 
try's transition to 3V, the objective of designers is to 
minimize the disadvantages of mixed voltage systems. 
Two of the drawbacks of mixed voltage systems are 
voltage supply requirements 
and additional 
current 


consumption. 
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3.2.2.1 
Multiple 
Supplies 
In Mixed Voltage 
Systems 


A major disadvantage of mixed voltage systems is the 
requirement of multiple voltage supplies. A typical sys- 
tem may require 3V (major components, memory), 5V 
(older 
peripherals, 
small displays), 
± 12V (RS-232 
communications) 
and even higher 
voltages (backlit 
LCD displays, etc.). One goal in designing a mixed 
voltage system is to minimize the number of required 
voltages and the number of devices used to create them. 
To avoid the extra chip-count associated with creating 
multiple voltages, some manufacturers, offer one-chip 
solutions to provide multiple voltages from 2 or 3 cells. 
The designer can also take advantage of parts with in- 
ternal charge pumps that take 3V or 5V inputs and 
create the output voltage levels they require. Although 
multiple voltages can easily be created with a minimal 
number of chips, the designer still pays the price for 
having non-3V parts in the system: battery life. As tech- 
nology moves forward and 3V designs gain momentum, 
more components will be available at low voltage (3V 
or less). This eliminates the requirement for multiple 
system voltages and the added system cost and com- 
plexity associated with creating them. 


3.2.2.2 
AddItional 
Current 
Consumption 
In 
MIxed Voltage 
Systems 


Interfacing 3V and 5V devices in a mixed voltage sys- 
tem is unavoidable. Regardless of how a designer im- 
plements these interfaces, they will all have one com· 
mon characteristic, additional current consumption. 


Some devices have an additional specification called 
41ee (or leer). 
This specification defines the addition- 
al current consumed, per input pin, if an input high 
voltage is at Vee - 
2.IV. This situation closely resem- 
bles using ACT or HCT logic for 3V to 5V translation. 
This number can be up to 1.5 mA per input pin. Con- 
sider a unidirectional, 16-bit bus translated from 3V to 
5V using ACT logic. In a worst-case situation, this can 
be a major source of continuous current consumption. 
This is a maximum value, typically the extra current 
amounts to 100 fJoAto 200 fJoAper input pin. Addition- 
ally, this specification only applies to a logic "I" input, 
and typically, only a fraction of the 3V inputs are high 
at any time. 


The reason behind the extra current consumption when 
using ACT/HCT 
logic for 3V to 5V translation lies in 


the inp lt buffers (Figure 3-5). If the input of the device 
is driven all the way to Veo 
the p·transistor turns 


completely off and the n-transistor turns completely on. 
This can be roughly modeled as 5V connected 
to 


ground through a 5 MO resistor. As shown by the 
graph in Figure 3-5, the only current flowing is leakage 
current 
almost nothing. 


As the voltage on the input moves farther away from 
Vco 
tte input transistors move closer to their satura- 


tion region. The resistance path through the transistors 
to ground decreases from the initial 5 MO. This in- 
creases the current 
flow through 
them. The graph 


shows this current to be on the order or 150 uA per 
input w,th a 3V input (at room temperature). 


RoN = son 
Ro" 
= s I.ln 


V1N 
(v) 
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Figure :1-5. Current 
When Using ACT IHCT 
Logic 


for Voltage 
Conversion 


This leads to a valid question. If there is such a penalty 
for creating mixed voltage systems, is the system better 
off running at 5V? An analysis of system current con- 
sumption must be done for the pure 5V and mixed volt- 
age cases. If only a small part of the system can operate 
at 3V, th,: extra power for voltage translation may off- 
set the benefit of using 3V parts. This accents the need 
to have a complete selection of devices that operate at 
3V. 


• 


There are a number of considerations a designer must 
make when designing a mixed voltage system. Interfac- 
ing 3V and 5V logic must be done carefully. There are 
many solutions to do this, but if done incorrectly, the 
system eventually fails. Many manufacturers 
provide 
simple solutions to do unidirectional and bidirectional 
transfers. These solutions are probably the easiest to 
implement and consume a minimal amount of power. 


A mixed voltage system, by definition, consumes more 
current than a pure 3V system. This added current con- 
sumption comes from different sources. Any method 
used to translate from one voltage to another requires 
additional current. A mixed voltage system also has 
more devices than a pure 3V system. Extra devices are 
needed for voltage translation 
and creating required 
system voltages. In addition to drawing current, these 
extra devices increase system size, cost and complexity. 


As technology advances and manufacturers 
redesign 
current parts, complete systems will be able to operate 
at 3V. Until that time, mixed voltage systems must ex- 
ist. Although 
a mixed voltage system requires more 
power than an entirely 3V version, it still consumes less 
power than a 5V version (if properly designed). Mixed 
voltage systems will exist in some form for a long time. 
Right now, they exist because of the conversion from 
5V devices to 3V devices. They will continue to appear 
as industry makes the steps to even lower operating 
voltages. Some devices already operate at 2V and be- 
low. Although this information applies specifically to 
3V/5V systems, the concepts apply to any mixed volt- 
age system. 


Complete 3V designs have few disadvantages, the ex- 
ceptions being operating speed and noise immunity. 
Advantages include: longer battery life, less heat and 
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lower noise emissions. The advantages of a complete 3V 
system are significant compared to the minimal design 
effort required to work around the disadvantages. 


3.3.1 
DEVICES 
DESIGNED 
FOR LOW VOLTAGE 
OPERATION 


Currently, some devices are designed for 3V only oper- 
ation. Devices optimized for 3V operation are generally 
specified for operation from 3.0V to 3.6V. These devic- 
es exhibit the performance of their 5V counterparts at 
significantly lower power. The high performance and 
narrow operating voltages of these parts limits their 
benefit to embedded, battery operated designs. 


If a fabrication process is optimized for 3V operation, 
gate oxides are thinner. The increased gate capacitance 
allows a 3V device to function at the same speed as a 
5V device produced 
on a non-3V processes. Oxide 
breakdown is the major drawback to optimizing a pro- 
cess for 3V. A thinner gate oxide implies a lower oxide 
breakdown voltage. Devices produced on the optimized 
process will not be able to operate at 5V without dam- 
aging the part. 


3.3.2 
DIEVICES DERATED 
FOR LOW VOLTAGE 
OPERATION 


Many low voltage products are derated versions of their 
5V versions. These devices are specified, typically, for 
operation from 2.7V to 5.5V. The only sacrifice of run- 
ning a product designed for 5V at 3V is speed. Device 
speed is a function of internal switching speeds. Switch- 
ing speeds are proportional to device current, a func- 
tion of gate oxide capacitance and gate voltages within 
a device. A device produced on a process not optimized 
for 3V will have a thicker gate oxide, decreasing gate 
capacitance, reducing current The combination of low- 
er gate voltage and capacitance limits operating speeds 
for derated 5V devices. For many embedded systems, 
speed is not critical. Using devices that operate from 
2.7V to 5.5V allows the designer to use inexpensive al- 
kaline batteries and avoid the added device count and 
efficiency losses of voltage regulators. 


3.3.3 NOISE GENERATION BY LOW VOLTAGE 
DEVICES 


Overshoot, undershoot and ground bounce all relate to 
dV/dt, dV being the output voltage swing and dt being 
the output switching time. In low voltage devices, obvi- 
ously, voltage levels decrease, lowering the dV term. 
This applies to all low voltage devices. Devices de- 
signed specifically for low voltage operation, 
which 
have smaller geometries and thinner gate oxides, have 
switching times comparable to the 5V versions. There- 
fore, the dt term remains relatively constant. Low volt- 
age devices which are derated versions of 5V parts have 
slower switching times when operating voltage decreas- 
es. The dt term increases for devices derated for low 
voltage operation. Derated devices generate very little 
noise. 


Regardless of the exact amount of noise a low voltage 
device generates (derated or not), any low voltage de- 
vice will produce less noise than its 5V counterpart. 
dV/dt 
and practicing 
good PCB design techniques 


(multi-layer, bypass capacitors, etc.), should eliminate 
noise as a problem. 


3.3.4 NOISE MARGINS IN LOW VOLTAGE 
SYSTEMS 


In devices with CMOS compatible inputs, input high 
(VIH) and input low (VIL) voltage specifications are a 
function of operating voltage. The difference between 
VIH and VIL defines the noise margin on the input 
(Equation 3.8). 


Typically, VIH is O.7*VCC and VIL is O.3*Vcc on 
CMOS compatible inputs. This defines a noise margin 
of O.4*Vcc. If operating voltage decreases from 5.0V, 
noise margins decrease proportionally. 


Devices with TTL compatible inputs will not see any 
change in noise margins when operating at 3V. TTL 
inputs define VIH as 2.0V and VIL as O.8V. The stan- 
dards for input levels on 3.3V devices are defined to be 
compatible with the TTL standard. This is why a 3.3V 
output can directly interface with a 5V device with 
TTL inputs. 


Noise susceptibility of low voltage systems is not as 
significant as it may appear. Low voltage systems gen- 
erate less noise than 5V systems. If a system generates 
less noise, decreased noise margins on device inputs be- 


come less important. Additionally, good Printed Cir- 
cuit Board layout techniques should eliminate major 
noise issnes. 


When cfllating a battery operated system, the designer 
is concened 
with extending battery life as long as pos- 


sible. Reducing operating voltages is a relatively simple 
way to achieve a significant reduction in power con- 
sumption. Voltage reduction is an excellent start to in- 
creasing battery life, but numerous power management 
techniques exist to provide even lower power consump- 
tion. 


Many Int~l embedded processors have modes of opera- 
tion desi{ned to reduce current consumption. 
Many 


static-design embedded processors have Powerdown 
mode, disabling the clock input to the device. Disabling 
the clock input eliminates transistor switching within 
the device, reducing current consumption to leakage 
current (microamps). Other devices have Idle mode 
which dis,lbles the clock to the CPU, but keeps inte- 
grated peJipherals active. This decreases current con- 
sumption 'y a smaller amount than Powerdown mode, 
but is excellent for devices requiring peripherals to re- 
main active at all time•. Finally, many embedded proc- 
essors offe . Powersave mode. Powersave mode internal- 
ly divides the clock input to the device. Because proces- 
sor current consumption is approximately a linear func- 
tion of clock frequency, Powersave mode significantly 
reduces current consumption during execution of non- 
critical sec:ions of code. Including one or more of these 
power management functions on silicon reduces board 
space requ.red to create them separately, if they can be 
created at ill (Idle mode, for example). 


Other devic:esthat commonly appear in embedded sys- 
tems also (lffer power management features in silicon. 
Some Intel Flash memory devices offer a powerdown 
mode, reducing current to leakage levels. Other memo- 
ries enter a "sleep" mode when not being accessed, re- 
ducing current consumption. Even some regulators al- 
low their output to be shut down to decrease current 
consumption. 


Many devic:es exist offering power management fea- 
tures which enhance low voltage operation. When sys- 
tem design ~rs select components 
for their 
systems, 


parts should be chosen which offer benefits beyond just 
low voltage operation. 


• 


Power management schemes need to be implemented in 
software as well as hardware. Software controls power 
management modes on Intel embedded processors and 
can be used to control power management on external 
devices (using port pins, etc.). Software can also be im- 
plemented to reduce switching on address and data bus- 
ses and processor outputs. 


Many applications require time delays. For example, 
there may be a minimum time required between succes- 
sive writes to an LCD display or other peripherals. 
These delays can be implemented either in hardware 
(controlled by software) or software. When delay loops 
are implemented in software, every iteration of that 
loop will execute a given number of bus cycles. Every 
bus cycle will drive address information onto the bus 
and all of the relevant control signals that define a bus 
cycle and turn on the memory device(s) containing pro- 
gram code. With enough iterations of the loop, a large 
amount of current is consumed. One solution is to di- 
vide the processor clock during these delays. Dividing 
the clock by a factor of x reduces the number of bus 
cycles required by x, for the same delay. 


Implementing a delay with hardware and software is 
simple. Timers are used to create the delay. A timer can 
be programmed to cause an interrupt after a set delay. 
The timer needs to be programmed with the correct 
count and enabled. If the delay is long enough, it may 


agement mode (such as Idle mode or Powe~ve 
mode). 


This entire process requires a small number of bus cy- 
cles. If the overhead associated with interrupt servicing 
is a limitation, some processors allow the designer to 
implement delays without interrupts. 


The 80C186, for example, has an input called TEST # . 
The TEST # pin is sampled during the WAlT instruc- 
tion. The processor stops execution during a WAIT un- 
til the TEST# 
pin is sampled low. If the output of a 


timer is connected to the TEST # 
input, the timer 


times-o t and pulls its output low, causing the proces- 
sor to continue execution. This solution requires only 
enough bus cycles to program the timer. 


Program code can also be optimized for minimal power 
consumption. To minimize switching on the address 
bus, code should be written to reduce the number of 
jumps that occur. Interrupt driven code is also prefer- 
able to code which depends on polling routines. The 
processor can issue a HLT instruction and wait for an 
interrupt rather than constantly looping to poll a regis- 
ter bit. The reduction in power consumption by using 
these m(:thods may be slight but still increases battery 
life. 


Power management is very important to low voltage 
embedded designs. The effort to add power manage- 
ment is minimal but the benefits are significant. Using 
hardware and software to minimize power consump- 
tion increases battery life with little or no increase in 
system cost or complexity. 
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• 


• 
Full 32-Blt Internal Architecture 
-8-, 
16-, 32-Blt Data Types 
- 
8 General Purpose 32-Blt Registers 
- 
Extensive 32-Blt Instruction 
Set 


• 
High Performance 
16-Blt Data Bus 
- 
16 or 20 MHz CPU Clock 
- 
Two-Clock Bus Cycles 
- 
16 Mbytes/Sec 
Bus Bandwidth 


• 
16 Mbyte Physical Memory Size 


• 
High Speed Numerics Support with the 
80387SX 


• 
Low System Cost with the 82370 
Integrated 
System Peripheral 


• 
On-Chip Debugging Support Including 
Break Point Registers 


• 
Cornplete Intel Development Support 
- 
C:, PL/M, Assembler 
-11::ETM-376, In-Circuit Emulator 
- 
i1=1MKReal Time Kernel 
- 
iBDM Debug Monitor 
- 
[IOS Based Debug 


• 
Extcmsive Third-Party Support: 
- 
Languages: C, Pascal, FORTRAN, 
BASIC and ADA· 
-Hosts: 
VMS·, UNIX·, MS-DOS·, and 


O,thers 
- 
Real-Time Kernels 


• 
High Speed CHMOS IV Technology 


• 
Available In 100 Pin Plastic Quad Flat- 
Pact( Package and 88-Pln Pin Grid Array 


(See Packaging 
Outlines 
and Dimensions 
#231369) 


The 376 32·bit 
embedded 
processor 
is designed 
for high performance 
embedded 
systems. 
It provides 
the 


performance 
benefits 
of a highly pipelined 
32-bit internal 
architecture 
with the low system cost associated 
with 


16-bit hardware 
systems. 
The 80376 processor 
is based on the 80386 and offers a high degree of compatibil- 


ity with the 80386. All 80386 32·bit programs 
not dependent 
on pClging can be executed 
on the 80376 and all 


80376 
programs 
can 
be executed 
on the 
80386. 
All 32-bit 
80:186 language 
translators 
can 
be used 
for 


software 
development. 
With proper support 
software, 
any 80386-based 
computer 
can be used to develop 
and 


test 80376 
programs. 
In addition, 
any 80386-based 
PC-AT" 
compatible 
computer 
can be used for hardware 


prototyping 
for designs 
based on the 80376 and its companion 
product 
the 82370. 


Execution 
Unit 
MMU 


32-81t Register. 
Proteetlon 


64-Blt 
Bo,.,.,1 
SegrTMInt 
Shifter 
Register. 


Control 
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Segment 
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Unit 
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Intel, iRMK, 
ICE, 376, 386, Intel386, 
iSDM, Intel1376 
are trademarks 
of Intel Corp. 
'UNIX 
is a registered 
trademark 
of AT&T. 


ADA is a registered 
trademark 
of the U.S. Government, 
Ada Joint 
Program 
Office. 


PC-AT 
is a registered 
trademark 
of IBM Corporation. 


VMS is a trademark 
of Digital 
Equipment 
Corporation. 
MS-DOS 
is a trademark 
of MicroSoft 
Corporation. 
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The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 


The named signal is active LOW. 


I 
Input signal. 
o 
Output signal. 


I/O 
Input and Output signal. 
No electrical connection. 


Symbol 
Type 
Name and Function 


CLK2 
I 
CLK2 provides the fundamelltal timing for the 80376. For additional 
information see Clock in Section 4.1. 


RESET 
I 
RESET suspends any operati,)Oin progress and places the 80376 in a 
known reset state. See Intenupt 
Signals in Section 4.1 for additional 


information. 


015-00 
I/O 
DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and I/O write cycles. See 
Data Bu. in Section 4.1 for a jditional information. 


A23-A1 
0 
ADDRESS BUS outputs physical memory or port I/O addresses. See 
Addr ••• 
Bua in Section 4.1 f,)r additional information. 


W/R 
0 
WRITE/READ 
is a bus cycln definition pin that distinguishes write 


cycles from read cycles. See Elus Cycle Definition Signals in Section 
4.1 for additional information. 


O/~ 
0 
DATA/CONTROL is a bus cy.:le definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: interrupt 
acknowledge, halt, and instruclion fetching. See Bus Cycle Definition 
Signa. 
in Section 4.1 for additional information. 


M/lO 
0 
MEMORY I/O is a bus cycle clefinition pin that distinguishes memory 
cycles from input/output cyclen. See Bus Cycle Definition Signals in 
Section 4.1 for additional information. 


~ 
0 
BUS LOCK is a bus cycle oefinition pin that indicates that other 
system bus masters are deniej access to the system bus while it is 
active. See Bu. Cycle Deflnltl<)n Signals in Section 4.1 for additional 
information. 


At)S 
0 
ADDRESS STATUS indicates that a valid bus cycle definition and 
address (W/R, O/~. M/iO, SHE:, BEE and A23-A1) are being driven at 
the 80376 pins. See Bus Control Signals in Section 4.1 for additional 
information. 


NA 
I 
NEXT ADDRESS is used to 'equest address pipelining. See Bus 
Control Signa. 
in Section 4.1 for additional information. 


REAl5Y 
I 
BUS READY terminates the bl s cycle. See Bus Control Signals in 
Section 4.1 for additional inforrr ation. 


B'RE,m 
0 
BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. 
See Address 
Bus 
in Section 
4.1 for 
additional 


information. 


HOLD 
I 
BUS HOLD REQUEST input a lows another bus master to request 
control of the local bus. See Blls Arbitration 
Signals in Section 4.1 


for additional information. 
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Symbol 
Type 
Name and Function 


HLDA 
0 
BUS 
HOLD 
ACKNOWLEDGE 
output 
indicates 
that 
the 
80376 
has 
surrendered 
control 
of its local bus to another 
bus master. 
See Bus 
Arbitration 
Signals in Section 
4.1 for additional 
information. 


INTR 
I 
INTERRUPT 
REQUEST 
is a rnaskable 
input that signals the 80376 to 
suspend 
execution 
of the current 
program 
and execute 
an interrupt 
acknowledge 
function. 
See 
Interrupt 
Signals 
in 
Section 
4.1 
for 
additional 
information. 


NMI 
I 
NON·MASKABLE 
INTERRUPT 
REQUEST 
is a non-maskable 
input 


, 
that 
signals 
the 80376 
to suspend 
execution 
of the current 
program 
and execute 
an interrupt 
acknowledge 
function. 
See Interrupt 
Signals 
in Section 
4.1 for additional 
information. 


BUSY 
I 
BUSY 
signals 
a busy 
condition 
from 
a processor 
extension. 
See 
Coprocessor 
Interface 
Signals 
in 
Section 
4.1 
for 
additional 
information. 


ERROR 
I 
ERROR 
signals 
an error 
condition 
from 
a processor 
extension. 
See 
Coprocessor 
Interface 
Signals 
in 
Section 
4.1 
for 
additional 
information. 


PEREQ 
I 
PROCESSOR 
EXTENSION 
REQUEST 
indicates 
that 
the 
processor 
extension 
has data to be transferred 
by the 80376. See Coprocessor 
Interface 
Signals in Section 
4.1 for additional 
information. 


FLT 
I 
FLOAT, 
when 
active, 
forces 
all 
bidirectional 
and 
output 
signals, 


including 
HLDA, to the float condition. 
FLOAT 
is not available 
on the 
PGA package. 
See Float for additional 
information. 


N/C 
- 
NO CONNECT 
should 
always 
remain 
unconnected. 
Connection 
of a 
N/C 
pin may cause 
the procl3ssor 
to malfunction 
or be incompatible 
with future 
steppings 
of the 80376. 


Vcc 
I 
SYSTEM 
POWER 
provides 
the + 5V nominal 
D.C. supply 
input. 


VSS 
I 
SYSTEM 
GROUND 
provides 
OV connection 
from which all inputs and 
outputs 
are measured. 


The 
80376 
supports 
the 
protection 
mechanisms 
needed 
by 
sophisticated 
multitasking 
embedded 
systems 
and real-time 
operating 
systems. 
The use 
of these 
protection 
mechanisms 
is completely 
op- 
tional. 
For embedded 
applications 
not needing 
pro- 
tection, 
the 80376 
can easily 
be configured 
to pro- 


vide a 16 Mbyte physical 
address 
space. 


Instruction 
pipelining, 
high 
bus 
bandwidth, 
and 
a 
very 
high 
performance 
ALU 
ensure 
short 
average 
instruction 
execution 
times 
and 
high 
system 
throughput. 
The 
80376 
is capable 
of execution 
at 
sustained 
rates 
of 2.5-3.0 
million 
instructions 
per 
second. 


The 80376 
offers 
on-chip 
testability 
and debugging 
features. 
Four break point registers 
allow conditional 
or unconditional 
break point traps on code execution 
or data 
accesses 
for powerful 
debugging 
of even 
ROM 
based 
systems. 
Other 
testability 
features 
in- 
clude self-test 
and tri-stating 
of output buffers during 
RESET. 


The Intel 80376 
embedded 
processor 
consists 
of a 
central 
processing 
unit, a memory 
management 
unit 
and a bus interface. 
The central 
processing 
unit con- 


sists of the execution 
unit and instruction 
unit. The 
execution 
unit contains 
the eight 32-bit general 
reg- 
isters which 
are used 
for both 
address 
calculation 
and data operations 
and a 64-bit barrel shifter 
used 
to speed shift, rotate, multiply, and divide operations. 
The instruction 
unit decodes 
the instruction 
opcodes 
and stores 
them 
in the decoded 
instruction 
queue 
for immediate 
use by the execution 
unit. 


The Memory 
Management 
Unit (MMU) consists 
of a 
segmentation 
and protection 
unit. Segmentation 
al- 
lows the managing 
of the logical 
address 
space 
by 
providing 
an extra addressing 
component, 
one that 
allows 
easy 
code 
and 
data 
relocatability, 
and effi- 
cient sharing. 


The protection 
unit provides 
four levels of protection 
for isolating 
and protecting 
applications 
and the op- 


erating 
system 
from 
each 
other. 
The hardware 
en- 
forced 
protection 
allows 
the design of systems 
with 
a high degree 
of integrity 
and simplifies 
debugging. 


Finally, 
to facilitate 
high performance 
system 
hard- 
ware 
designs, 
the 
80376 
bus 
interface 
offers 
ad- 
dress 
pipelining 
and direct 
Byte Enable 
signals 
for 
each byte of the data bus. 


The 80376 has twenty-nine 
registers 
as shown in Figure 2.1. These registers 
are grouped 
into the following 
six 


categories: 


AH 
AX 
AL 


BH 
BX 
BL 


." 
CH 
C X 
CL 


DH 
OX 
DL 


SI 


01 


BP 


SP 


31 
a 


I 
:3 


EFLAGS ] 


FLAGS 
AND 
INSTRUCTION 


EIP 
POINTER 


31 
a 
I 
:J 
CRa 
=:J 


CONTROL 


REGISTER 


47 
16 
15 
a 


481 


I 
~ 


GDTR ] 


83 
IOTR 
SYSTEM 
A.DDRESS 


I 


LOTR 
REGISTERS 


TR 


31 


LINEAR 
BREAKPOINT 
ADDRESS 
0 


LINEAR 
BREAKPOINT 
ADDRESS 
1 


LINEAR 
BREAKPOINT 
ADDRESS 
2 


LINEAR 
BREAKPCINT 
ADDRESS 
3 


BREAKPOINT 
SUTUS 


BREAKPOINT 
CONTROL 


ORO 


DR! 


DR2 


DR3 
DEBUG 


DR4 
REGISTERS 


DRS 


DR6 


DR7 


• 


General Registers: 
The eight 32-bit general pur- 


pose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX and 
EDX) can be used either in their entirety as 32-bit 
registers, as 16-bit registers, or split into pairs of 
separate 8-bit registers. 


Segment Registers: Six 16-bit special purpose reg- 
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 


Flags and Instruction 
Pointer 
Registers: 
These 


two 32-bit special purpose registers in Figure 2.1 
record or control certain aspects of the 80376 proc- 
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching and the processor automatically 
increments it after executing an instruction. 


Control Register: The 32-bit control register, CRO, 
is used to control Coprocessor Emulation. 


SPECIAL 
rlELDS: 


I/O 
PRIVILEGE 
LEVEL 


NESTED 
TASK 
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System 
Address 
Registers: 
These four special 


registers reference the tables or segments support- 
ed by the 80376/80386 protection model. These ta- 
bles or segments are: 


GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 


Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. The use of the debug registers is described in 
Section 2.11 Debugging Support. 


The 
flag 
Register 
is 
a 
32-bit 
register 
named 


EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2.2, control certain opera- 
tions and indicate the status of the 80376 processor. 
The function of the flag bits is given in Table 2.1. 


OVERFLOW 


SICN 


ZERO 


AUX 
CARRY 


PARITY 


CARRY 


TRAP 


INTERRUPT 


DIRECTION 


RESUlr.lE 


ONtlOR 
COPROCESSOR 


EWULATE 
COPROCESSOR 


TASK 
SWITCHED 


Bit Position 
Name 
Function 


0 
CF 
Carry Flag-Set 
on high-ordm bit carry or borrow; cleared otherwise. 
2 
. 
PF 
Parity Flag-5et 
if low-order 8 bits of result contain an even number 


of 1-bits; cleared otherwise. 
4 
AF 
Auxiliary 
Carry 
Flag-Set 
on carry from or borrow to the low order 


four bits of AL; cleared otherwise. 
6 
ZF 
Zero Flag-Set 
if result is zero; cleared otherwise. 
7 
SF 
Sign Flag-5et 
equal to high-order bit of result (0 if positive, 1 if 


negative). 
8 
TF 
Single 
Step Flag-Qnce 
set, a single step interrupt occurs after the 


next instruction executes. TF is cleared by the single step interrupt. 


9 
IF 
Interrupt-Enable 
Flag-When 
set, external interrupts signaled on the 


INTR pin will cause the CPU to transfer control to an interrupt vector 
specified location. 


10 
OF 
Direction 
Flag-Causes 
string instructions to auto-increment (default) 
the appropriate index registers when cleared. Setting OF causes auto- 
decrement. 


11 
OF 
Overflow 
Flag-Set 
if the operation resulted in a carry/borrow into 


the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 
12,13 
10PL 
1/0 
Privilege 
Level-Indicates 
the 
maximum CPL permitted to 


execute I/O instructions without generating an exception 13 fault or 
consulting the I/O permission bit map. It also indicates the maximum 
CPL value allowing alteration of the IF bit. 


14 
NT 
Nested 
Task-Indicates 
that the execution of the current task is 


nested within another task (see Task Switching). 
16 
RF 
Resume Flag-Used 
in conjunction with debug register breakpoints. It 


is checked at instruction boundaries before breakpoint processing. If 
set, any debug fault is ignored on the next instruction. It is reset at the 
successful completion of any instruction except IRET, POPF, and 
, 
those instructions causing tas\( switches. 


The 80376 has a 32-bit control register called CROthat is used to control coprocessor emulation. This register 
is shownin Figures, 2.1 and 2.2. The defined CRObits are described in Table 2.2. Bits 0, 4 and 31 of CROhave 
fixed values in the 80376. These values cannot be changed. Programs that load CROshould always load bits 
0, 4 and 31 with values previously there to be compatible with the 80386. 


Table 2.2. CRO Definitions 


Bit Position 
Name 
Function 


1 
MP 
Monitor 
Coprocessor 
Extension-Allows 
WAIT instructions to cause 


a processor extension not present exception (number 7). 
2 
EM 
Emulate 
Processor 
Extension-When 
set, 
this 
bit 
causes 
a 


processor extension not present exception (number 7) on ESC 
instructions to allow processor extension emulation. 
3 
TS 
Task Switched-When 
set, this bit indicates the next instruction using 


a processor extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task (see Task Switching). 


• 


The instruction set is divided into nine categories of 
operations: 


Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control Transfer 
High Level Language Support 
Operating System Support 
Processor Control 


These 80376 processor instructions are listed in Ta- 
ble 8.1 80376 
Instruction 
Set 
and 
Clock 
Count 
Summary. 


All 80376 processor instructions operate on either 0, 
1, 2 or 3 operands; an operand resides in a register, 
in the instruction itself, or in memory. Most zero op- 
erand instructions (e.g. CLI, STI) take only one by1e. 
One operand instructions generally are two by1es 
long. The average instruction is '3.2 by1es long. 
Since the 80376 has a 16-by1eprefetch instruction 
queue an average of 5 instructions can be pre- 
fetched. The use of two operands permits the follow- 
ing types of common instructions: 


Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory 
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2.3 Mc!mory Organization 


Memory on the 80376 is divided into 8-bit quantities 
(by1es),16-bit quantities (words), and 32-bit quanti- 
ties (dwords). Words are stored in two consecutive 
by1esin memory with the low-order by1eat the low- 
est address. Dwords are stored in four consecutive 
by1esi 
memory with the low-order by1eat the low- 


est address. The address of a word or Dword is the 
by1e address of the low-order by1e. For maximum 
performance word and dword values should be at 
even physical addresses. 


In addition to these basic data types the 80376 proc- 
essor supports segments. Memory can be divided 
up into one or more variable length segments, which 
can be shared between programs. 


The 80376 has three types of address spaces: logi- 
cal, IImlar, and physical. 
A logical 
address (also 


known as a virtual address) consists of a selector 
and an offset. A selector is the contents of a seg- 
ment re9ister. An offset is formed by summing all of 
the addressing components (BASE, INDEX, and 
DISPLACEMENT), discussed in Section 2.4 Ad- 
dressln g Modes, into an effective address. 


Every selector has a logical base address associat- 
ed with it that can be up to 32 bits in length. This 32- 
bit logical 
base address is added to either a 32-bit 


offset address or a 16-bit offset address (by using 
the address 
length prefix )to form a final 32-bit lin- 


ear add ess. This final linear address is then trun- 
cated so that only the lower 24 bits of this address 
are used to address the 16 Mby1esphysical memory 
address space. The logical 
base address is stored 


in one o'ftwo operating system tables (Le. the Local 
Descriptor Table or Global Descriptor Table). 


Figure 2.3 shows the relationship between the vari- 
ous address spaces. 
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Figure 2.3. Address 
Translation 


ister is used. The segment register is automatically 
chosen Clccordingto the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer- 
ences use the selector contained in the DS register, 
stack references use the SS register and instruction 
fetches Lisethe CS register. The contents of the In- 
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list- 
ed in Table 2.3. The override prefixes also allow the 
use of the ES, FS and GS segment registers. 


The main data structure used to organize memory is 
the segment. On the 80376, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments, code and data. The simplest use 
of segments is to have one code and data segment. 
Each segment is 16 Mbytes in size overlapping each 
other. This allows code and data to be directly ad- 
dressed by the same offset. 


In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg- 


There am no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero. 
Further details of segmentation are discussed in 
Section 3.0 Architecture. 
• 
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Type of 
Implied (Default) 
Segment 
Override 
Memory 
Reference 
Segment 
Use 
Prefixes 
Possible 


Code Fetch 
CS 
None 


Destination 
of PUSH, PUSHF, INT, 
SS 
None 
CALL, PUSHA Instructions 
.. 
- 


Source of POP, POPA, POPF, IRET, 
SS 
None 
RET Instructions 


Destination 
of STOS, 
, 


MOVS, REP STOS, 
ES 
None 
REP MOVS Instructions 
(01 is Base Register) 


Other Data References, 
with Effective 
Address 
Using Base Register 
of: 


[EAX) 
OS 
CS, SS, ES, FS, GS 
[EBX) 
OS 
CS, SS, ES, FS, GS 
[ECX] 
OS 
CS, SS, ES, FS, GS 
[EDX] 
OS 
CS, SS, ES, FS, GS 
[ESI] 
OS 
CS, SS, ES, FS, GS 
[EDI] 
OS 
CS, SS, ES, FS, GS 
[EBP] 
SS 
CS, SS, ES, FS, GS 
[ESP] 
SS 
CS, SS, ES, FS, GS 


The 80376 
provides 
a total 
of 8 addressing 
modes 
for instructions 
to specify 
operands. 
The addressing 
modes 
are optimized 
to allow the efficient 
execution 
of high level languages 
such as C and FORTRAN, 
and they cover 
the vast majority 
of data references 
needed 
by high-level 
languages. 


Two 
of the 
addressing 
modes 
provide 
for instruc- 
tions 
that 
operate 
on 
register 
or immediate 
oper- 
ands: 


Register 
Operand 
Mode: The operand 
is located 
in 
one of the 8-, 16- or 32-bit general 
registers. 


Immediate 
Operand 
Mode: The operand 
is includ- 
ed in the instruction 
as part of the opcode. 


The 
remaining 
6 modes 
provide 
a mechanism 
for 
specifying 
the effective 
address 
of an operand. 
The 
linear address 
consists 
of two components: 
the seg- 


ment 
base 
address 
and an effective 
address. 
The 
effective 
address 
is 
calculated 
by 
summing 
any 
combination 
of the following 
three address 
elements 
(see Figure 2.3): 


DISPLACEMENT: 
an 8-, 16- or 32-bit immediate 
val- 
ue following 
the instruction. 


BASE: The contents 
of any general 
purpose 
regis- 


ter. The Dase registers 
are generally 
used by compil- 


ers to pJint 
to the start of the local variable 
area. 


Note that if the Address Length Prefix is used, only 
BX and 3P can be used as a BASE register. 


INDEX: 
The contents 
of any general 
purpose 
regis- 
ter except 
for ESP. The index registers 
are used to 
access the elements 
of an array, or a string of char- 
acters. 
he index register's 
value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. The scaled index 
is especially 
useful 
for accessing 
arrays 
or struc- 
tures. 
Note 
that 
if the Address Length Prefix is 
used, no Scaling 
is available 
and only the registers 
SI and 01 can be used to INDEX. 


Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
The one exception is the simultaneous use of BASE 
and INDEX components which requires one addi- 
tional clock. 


As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 


EA = BASER~ister +. (INDEXRegisterXscaling) +. 


DISPLACEMENT 
1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8-, 16- or 32-bit 
DISPLACEMENT. 


SS 
GS 
F"S 
ES 
os 
-cs 


SS 
GS 
F"S 


ES 
os 


ACCESS 
RIGHTS 
CS 


L1h4IT 


BASE ADDRESS 


2. Register 
Indirect 
Mode: A BASE register con- 


tains the address of the operand. 


3. Based Mode: A BASE register's contents is add- 


ed to a DISPLACEMENT to form the operand's 
offset. 


4. Scaled Index Mode: An INDEX register's con- 


tents is multiplied by a SCALING factor which is 
added to a DISPLACEMENT to form the oper- 
and's offset. 


5. Base 
Scaled Index Mode: The contents of an 


INDEX register is multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand's offset. 


6. Based Scaled Index Mode with Displacement. 


The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE- 
MENT to form the operand's offset. 


SEGh4ENT 
L1h4IT 
,/ 
"' 
LINEAR 
ADDRESS ~ TARGET ADDRESS 


------~ 
/ 


SEGh4ENT BASE ADDRESS 
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biers. The Operand 
Length and Address 
Length Pre- 


fixes can be applied 
separately 
or in combination 
to 


any instruction. 
The 80376 
executes 
code with a default 
length 
for 
operands 
and 
addresses 
of 32 bits. The 
80376 
is 
also able to execute 
operands 
and addresses 
of 16 
bits. 
This 
is specified 
through 
the 
use of override 
prefixes. 
Two prefixes, 
the Operand 
Length 
Prefix 
and the 
Address 
Length 
Prefix, 
override 
the de· 
fault 32·bit 
length 
on an individual 
instruction 
basis. 


These 
prefixes 
are automatically 
added 
by assem· 


The 80:176 normally 
executes 
32-bit code and uses 


either 
8- or 32-bit 
displacements, 
and any register 


can be IJsed as based or index registers. 
When exe· 


cuting 16-bit code (by prefix overrides), 
the displace· 


ments aJe either 8 or 16 bits, and the base and index 
register 
conform 
to the 16-bit model. Table 2.4 iIIus· 


trates the differences. 


16·Blt Addressing 
32·Blt Addressing 


BASE REGISTER 
BX,BP 
Any 32-Bit GP Register 


INDEX REGISTER 
SI,DI 
Any 32-Bit GP Register 
except ESP 


SCALE FACTOR 
None 
1,2,4,8 


DISPLACMENT 
0,8,16 
Bits 
0,8,32 
Bits 


The 80376 
supports 
all of the data types commonly 
used in high level languages: 


Bit: 
A single bit quantity. 


Bit Field: 
A group of up to 32 contiguolJs 
bits, which spans a maximum 
of four 


bytes. 


A set of contiguous 
bits, on tl1e 80376 bit strings can be up to 16 Mbits 


long. 


A signed a-bit quantity. 


An unsigned 
8-bit quantity. 


A signed 16-bit quantity. 


A signed 32-bit quantity. All operations 
assume a 2's complement 


representation. 


An unsigned 
16-bit quantity. 


Byte: 


Unsigned 
Byte: 


Integer (Word): 


Long Integer (Double Word): 


Unsigned 
Integer (Word): 


Unsigned 
Long Integer 


(Double Word): 


Signed Quad Word: 


Unsigned 
Quad Word: 


Pointer: 


Char: 


String: 


BCD: 


Packed BCD: 


An unsigned 
32-bit quantity. 


A signed 64-bit quantity. 


An unsigned 
64-bit quantity. 


A 16- or 32-bit offset only quantity which indirectly 
references 
another 


memory location. 


A full pointer which consists 
I)f a 16-bit segment 
selector 
and either a 


16- or 32-bit offset. 


A byte representation 
of an ASCII Alphanumeric 
or control 
character. 


A contiguous 
sequence 
of bytes, words or dwords. A string may 


contain 
between 
1 byte and '16 Mbytes. 


A byte (unpacked) 
representiation 
of decimal 
digits 0-9. 


A byte (packed) 
representation 
of two decimal 
digits 0-9 
storing one 


digit in each nibble. 


When the 80376 is coupled with a numerics Coprocessor such as the 80387SX then the following 
common Floating Point types are supported. 
Floating Point: 
A signed 32-, 64- or 80-bit real number representation. Floating point 
numbers are supported by the 80387SX numerics coprocessor. 


7 
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+1 
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MAGNITUDE 


+3 
+2 
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+6 
+5 
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+2 
+1 
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SIGN BIT.J,L MSB 
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MAGNITUDE 


7 
0 
7 
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BINARY1""'"'1"""1 
••• 
(TTTTTTITTTTTIT 
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DECIMAL 
BCD 
BCD 
BCD 
(BCD) 
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DIGIT1 
DIGIT0 


7 
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7 
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ASCII 
ASCII ASCII 
CHARACTERN 
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7 
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·SUPPORTEDBY 80387SX 
NUMERICDATA 
COPROCESSOR 


The 
80376 
has 
two 
distinct 
physical 
address 


spaces: 
physical 
memory 
and 
I/O. 
Generally, 
pe- 


ripherals 
are 
placed 
in 
I/O 
space 
although 
the 


80376 
also 
supports 
memory-mapped 
peripherals. 


The I/O 
space 
consists 
of 64 Kbytes 
which 
can be 
divided 
into 64K 8-bit ports, 32K 16-bit ports, or any 


combination 
of ports which 
add to no more than 64 


Kbytes. 
The M/IO 
pin acts as an additional 
address 


line, thus allowing 
the system 
designer 
to easily de- 


termine 
which 
address 
space 
the processor 
is ac- 


cessing. 
Note that the I/O address 
refers to a physi- 


cal address. 


The I/O 
ports are accessed 
by the IN and OUT in- 


structions, 
with the port address 
supplied 
as an im- 


mediate 
8-bit constant 
in the instruction 
or in the OX 


register. 
All 8-bit and 16-bit port addresses 
are zero 


extended 
on the 
upper 
address 
lines. The 
I/O 
in- 


structions 
cause the M/IO 
pin to be driven LOW. I/O 
port addresses 
00F8H 
through 
OOFFH are reserved 


for use by Intel. 


Interrupts 
and exceptions 
alter the normal 
program 


flow in order to handle external 
events, 
report errors 
or exceptional 
conditons. 
The difference 
between 
in- 


terrupts 
and exceptions 
is that interrupts 
are used to 


handle 
asynchronous 
external 
events 
while 
excep- 


tions 
handle 
instruction 
faults. 
Although 
a program 


can generate 
a software 
interrupt 
via an INT N in- 


struction, 
the processor 
treats software 
interrupts 
as 


exceptions. 


Hardware 
interrupts 
occur as the result of an exter- 


nal event and are classified 
into two types: maskable 


or non-maskable. 
Interrupts 
are serviced 
after 
the 
execution 
of the current 
instruction. 
After 
the inter- 


rupt handler 
is finished 
servicing 
the interrupt, 
exe- 
cution 
proceeds 
with the instruction 
immediately 
af- 
ter the interrupted 
instruction. 


Exceptions 
are classified 
as faults, 
traps, 
or aborts 
depending 
on the way they are reported, 
and wheth- 


er or not restart of the instruction 
causing the excep- 


tion is suported. 
Faults are exceptions 
that are de- 


tected 
and 
serviced 
before 
the 
execution 
of the 


faulting 
instruction. 
Traps 
are exceptions 
that 
are 
reported 
immediately 
after 
the execution 
of the in- 
struction 
which caused 
the problem. 
Aborts 
are ex- 


ceptions 
which do not permit the precise 
location 
of 


the 
instruction 
causing 
the 
exception 
to be -deter- 


mined. 
Thus, when 
an interrupt 
service 
routine 
has 
been 
completed, 
execution 
proceeds 
from 
the 
in- 


struction 
immediately 
following 
the 
interrupted 
in- 


struction. 
On the other hand the return address 
from 


an exception/fault 
routine 
will 
always 
point 
at the 


instruction 
causing 
the 
exception 
and 
include 
any 


leading 
instruction 
prefixes. 
Table 
2.5 summarizes 


the 
possible 
interrupts 
for 
the 
80376 
and 
shows 


where the return address 
points to. 


The 80376 has the ability to handle 
up to 256 differ- 


ent inter upts/exceptions. 
In order to service 
the in- 


terrupts, 
a table 
with 
up to 
256 
interrupt 
vectors 


must 
be defined. 
The 
interrupt 
vectors 
are simply 


pointers 
to the appropriate 
interrupt 
service 
routine. 


The interrupt vectors 
are 8-byte quantities, 
which are 


put in an Interrupt 
Descriptor 
Table. Of the 256 pos- 


sible intorrupts, 
32 are reserved 
for use by Intel and 


the remaining 
224 are free to be used by the system 


designer. 


When an interrupt 
occurs the following 
actions 
hap- 


pen. 
First, 
the 
current 
program 
address 
and 
the 


Flags are saved on the stack to allow resumption 
of 


the interrupted 
program. 
Next, an 8-bit vector 
is sup- 


plied to the 80376 
which 
identifies 
the appropriate 


entry in the interrupt 
table. The table contains 
either 


an Interrupt 
Gate, a Trap Gate or a Task Gate that 


will point to an interrupt 
procedure 
or task. The user 


supplied 
interrupt 
service 
routine 
is executed. 
Final- 


ly, when 
an 
IRET 
instruction 
is executed 
the 
old 


processor 
state 
is restored 
and program 
execution 


resumes 
at the appropriate 
instruction. 


The 8-bit interrupt 
vector 
is supplied 
to the 80376 
in 


several 
different 
ways: 
exceptions 
supply 
the inter- 


rupt vector 
internally; 
software 
INT instructions 
con- 


tain or imply the vector; 
maskable 
hardware 
inter- 


rup,ts supply 
the 
8-bit 
vector 
via the 
interrupt 
ac- 


knowledge 
bus sequence. 
Non-Maskable 
hardware 


interrupts 
are assigned 
to interrupt 
vector 
2. 


Maskable 
Interrupt 


Maskable 
interrupts 
are the 
most 
common 
way to 


respond 
to asynchronous 
external 
hardware 
events. 


A hardware 
interrupt 
occurs when the INTR is pulled 


HIGH and the Interrupt 
Flag bit (IF) is enabled. 
The 


processor 
only 
responds 
to interrupts 
between 
in- 


structions 
(string instructions 
have an "interrupt 
win- 


dow" 
between 
memory 
moves 
which 
allows 
inter- 


rupts during 
long string 
moves). 
When 
an interrupt 


occurs 
the processor 
reads an 8-bit vector 
supplied 


by the hardware 
which 
identifies 
the source 
of the 


interrupt 
(one of 224 user defined 
interrupts). 


Instruction 
Which 
Return Address 


Function 
Interrupt 
Can Cause 
Points to 
Type 
Number 
Exception 
Faulting 
Instruction 


Divide Error 
0 
DIV,IDIV 
Yes 
FAULT 


Debug Exception 
1 
Any Instruction 
Yes 
TRAp· 


NMllnterrupt 
2 
INT 2 or NMI 
No 
NMI 


One-Byte Interrupt 
3 
INT 
No 
TRAP 


Interrupt on Overflow 
4 
INTO 
No 
TRAP 


Array Bounds Check 
5 
BOUND 
Yes 
FAULT 


Invalid OP-Code 
6 
Any Illegal Instruction 
Yes 
FAULT 


Device Not Available 
7 
ESC,WAIT 
Yes 
FAULT 


Double Fault 
8 
Any Instruction That Can 
ABORT 


Generate an Exception 


Coprocessor Segment Overrun 
9 
ESC 
No 
ABORT 


InvalidTSS 
10 
JMP, CALL, IRET, INT 
Yes 
FAULT 


Segment Not Present 
11 
Segment Register Instructions 
Yes 
FAULT 


Stack Fault 
12 
Stack References 
Yes 
FAULT 


General Protection Fault 
13 
Any Memory Reference 
Yes 
FAULT 


Intel Reserved 
14-15 
- 
- 
- 


Coprocessor Error 
16 
ESC,WAIT 
Yes 
FAULT 


Intel Reserved 
17-32 
, 


Two-Byte Interrupt 
0-255 
INTn 
No 
TRAP 


Interrupts through Interrupt Gates automatically re- 
set IF, disabling INTR requests. Interrupts through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts through a Task Gate change the IF bit ac- 
cording to the image of the EFLAGs register in the 
task's Task State Segment (TSS). When an IRET 
instruction is executed, the original state of the IF bit 
is restored. 


tion is executed or the processor is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. The disabling of INTR requests de- 
pends on the gate in lOT location 2. 


Software 
Interrupts 


A third type of interrupt/exception for the 80376 is 
the software interrupt. An INT n instruction causes 
the proce!,sor to execute the interrupt service rou- 
tine pointed to by the nthvector in the interrupt table. 


Non-Maskable 
Interrupt 


Non-maskable interrupts provide a method of servic- 
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal- 
ly supplied vector value of 2. Unlike a normal hard- 
ware interrupt no interrupt acknowledgement se- 
quence is performed for an NMI. 


A special case of the two byte software interrupt 
INT n is the one byte INT 3, or breakpoint interrupt. 
By inserting this one byte instruction in a program, 
the user can set breakpoints in his program as a 
debugging tool. 


While executing the NMI servicing procedure, the 
80376 will not service any further NMI request, or 
INT requests, until an interrupt return (IRET) instruc- 


• 


A final type of software 
interrupt, 
is the single 
step 


interrupt. 
It is discussed 
in Single-Step 
Trap 
(page 
22). 


Interrupts 
are externally-generated 
events. 
Maska- 
ble Interrupts 
(on the INTR input) and Non-Maskable 
Interrupts 
(on the 
NMI input) 
are recognized 
at in- 
struction 
boundaries. 
When 
NMI 
and 
maskable 


INTR are both 
recognized 
at the same 
instruction 
boundary, 
the 80376 
invokes 
the 
NMI service 
rou- 


tine first. 
If, after the NMI service 
routine 
has been 


invoked, 
maskable 
interrupts 
are still enabled, 
then 


the 80376 will invoke the appropriate 
interrupt 
serv- 


ice routine. 


As the 80376 executes 
instructions, 
it follows 
a con- 
sistent cycle in checking 
for exceptions, 
as shown in 
Table 2.6. This cycle is repeated 
as each instruction 


is executed, 
and occurs 
in parallel 
with instruction 
decoding 
and execution. 


The 
80376 
fully 
supports 
restarting 
all instructions 
after faults. If an exception 
is detected 
in the instruc- 
tion to be executed 
(exception 
categories 
4 through 
9 in Table 2.6), the 80376 device invokes the appro- 
priate 
exception 
service 
routine. 
The 80376 
is in a 
state that permits 
restart 
of the instruction. 


A Double 
fault (exception 
8) results 
when the proc- 


essor 
attempts 
to invoke 
an exception 
service 
rou- 


tine for the segment 
exceptions 
(10, 11, 12 or 13), 


but in the process 
of doing so, detects 
an exception. 


When the processor 
is Reset the registers 
have the 


values shown in Table 2.7. The 80376 will then start 
exetuting 
instructions 
near the top of physical 
mem- 


ory, at location 
OFFFFFOH. A short JMP should 
be 


executed 
within 
the segment 
defined 
for power-up 


(see Table 2.7). The GOT should 
then be initialized 


for a start-up 
data and code segment 
followed 
by a 


far JMP that will load the segment 
descriptor 
cache 


with the new descriptor 
values. 
The lOT table, 
after 


reset, is located 
at physical 
address 
OH, with a limit 


of 256 Elntries. 


RESET forces 
the 80376 
to terminate 
all execution 


and 
local 
bus activity. 
No instruction 
execution 
or 


bus activity 
will occur 
as long 
as Reset 
is active. 


Between 
350 and 450 CLK2 periods 
after Reset be- 


comes 
inactive, 
the 
80376 
will 
start 
executing 
in- 


structions 
at the top of physical 
memory. 


Consider 
the case of the 80376 having just completed 
an instruction. 
It then performs 
the following 
checks 


before 
reaching 
the point where 
the next instruction 
is completed: 


1. Check 
for Exception 
1 Traps from the instruction 
just completed 
(single-step 
via Trap Flag, or Data 


Breakpoints 
set in the Debug Registers). 


2. Check 
for external 
NMI and INTR. 


3. Check 
for Exception 
1 Faults 
in the 
next 
instruction 
(Instruction 
Execution 
Breakpoint 
set in the 


Debug Registers 
for the next instruction). 


4. Check 
for Segmentation 
Faults that prevented 
fetching 
the entire next instruction 
(exceptions 
11 or 


13). 


5. Check 
for 
Faults 
decoding 
the 
next 
instruction 
(exceptio 
6 if illegal 
opcode; 
or exception 
13 if 
instruction 
is longer than 15 bytes, or privilege 
violation 
(LEI.not at IOPL or at CPL = 0). 


6. If WAIT opcode, 
check 
if TS = 1 and MP = 1 (exception 
7 if both are 1). 


7. If ESCape opcode 
for numeric coprocessor, 
check if EM = 1 or TS = 1 (exception 
7 if either are 1). 


8. If WAIT opcode 
or ESCape opcode 
for numeric 
coprocess:>r, 
check 
ERROR 
input signal (exception 


16 if ERROR 
input is asserted). 


9. Check 
for Segmentation 
Faults that prevent 
transferring 
the entire memory 
quantity 
(exceptions 
11, 


12, 13). 


Flag Word (EFLAGS) 
uuuuOO02H 
(Note 1) 


Machine Status Word (CRO) 
uuuuuuu1 H 
(Note 2) 


Instruction Pointer (EIP) 
OOOOFFFOH 


Code Segment (CS) 
FOOOH 
(Note 3) 


Data Segment (OS) 
OOOOH 
(Note 4) 


Stack Segment (SS) 
OOOOH 


Extra Segment (ES) 
OOOOH 
(Note 4) 


Extra Segment (FS) 
OOOOH 


Extra Segment (GS) 
OOOOH 


EAX Register 
OOOOH 
(Note 5) 


EOX Register 
Component and Stepping 10 
(Note 6) 


All Other Registers 
Undefined 
(Note 7) 


NOTES: 
1. EFLAG 
Register. 
The upper 
14 bits of the EFLAGS 
register 
are undefined, 
all defined 
flag bits are zero. 
2. CRO: The defined 
4 bits in the CRO is equal to 1H. 


3. The Code Segment 
Register 
(CS) will have its Base Address 
set to OFFFFOOOOH and 
Limit set to OFFFFH. 
4. The Data and Ex1ra Segment 
Registers 
(OS and ES) w;!1 have their Base Address 
set 
to OOOOOOOOOHand Limit set to OFFFFH. 
5. If self-test 
is selected, 
the EAX should 
contain 
a 0 value. 
If a value 
of 0 is not found 
the self-test 
has detected 
a flaw in the part. 
6. EDX register 
always 
holds 
component 
and stepping 
idontifier. 
7. All unidentified 
bits are Intel Reserved 
and should 
not be used. 


Because the 80376 processor starts executing in protected mode, certain precautions need be taken during 
initialization. 
Before any far jumps can take place the GOT and/or 
LOT tables need to be setup and their 
respective registers loaded. Before interrupts can be initialized the OT table must be setup and the 10TR must 
be loaded. The example code is shown below: 


This 
is 
an 
example 
of 
startup 
code 
to 
put 
either 
an 
80376, 
80386SX 
or 
80386 
into 
flat 
mode. 
All 
of 
memory 
:ls 
treated 
as 
simple 
linear 
RAM. There 
are 
no 
interrupt 
routines. 
The 
Builder 
creates 
the 
GDT-alias 
and 
IDT-alias 
and 
places 
them, 
by 
default, 
in 
GDT[l] 
and 
GDT[2]. 
Other 
entries 
in 
the 
GDT 
are 
specified 
in 
the 
Build 
file. 
After 
initiaLization 
it 
jumps 
to 
a C startup 
routine. 
To use 
this 
template, 
change 
this 
jmp 
address 
to 
that 
of 
your 
code, 
or 
make 
the 
label 
of 
your 
code 
Dc_startup". 


This 
code 
was 
assembled 
and 
built 
using 
version 
1.2 
of 
the 
Intel 
RLL utilities 
and 
Intel 
386ASM assembler. 


EXTRN 
c_startup :near 
this is the label jmped to after init 


pe_flag 
equ 1 
data_selc 
equ 20h 
; assume code is GDT[3], data GDT[4] 


dq 
l' 


START 


start: 
cld 
smsw bx 
test bl,l 
jnz pestart 
realstart 
db 66h 
mov eax,offset 
gdt_desc 
xor ebx,ebx 
mov bh,ah 
move bl,al 
db 67h 
db 66h 
19dt cs:[ebx] 
smsw ax 
or al,pe_flag 
lmsw ax 
jmp next 
pestart: 
mov ebx,offset 
gdt_desc 
xor eax,eax 
mov ax,bx 
19dt cs:[eax] 
xor ebx,ebx 
mov bl,data_selc 
mov ds,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gs,bx 
jmp pejump 
next: 
xor ebx,ebx 
mov bl,data_selc 
mov ds,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gs,bx 
db 66h 
pejump: 
jmp far ptr c_startup 


org 70h 
jmp short start 
INIT_CODE ENDS 
END 


clear direction 
flag 
check for processor 
(80376) at reset 
use SMSW rather than MOV for speed 


is an 80386 and ilt1real mode 
force the next op,srand into 32-bit mode. 
move address of the GDT descriptor 
into eax 
clear ebx 
load 8 bits of address 
into bh 
load 8 bits of address 
into bl 


use the 32-bit form of LGDT to load 
the 32-bits of address 
into the GDTR 
go into protected mode 
(set PE bit) 


initialize 
data selectors 
GDT[3] 


initialize 
data selectors 
GDT[3] 


but the 80376 is already 32-bit. 


only if segment base is at Offffff80h 


1P'1liI1l!D.OIillOOOM1f I 
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This code should be linked into your application 
for boot loadable 
code. The following 
build file illustrates 
how 


this is accomplished. 


FLAT; -- build program id 


SEGMENT 
*segments 
(dpl=O), 
_phantom_code_ 
(dpl=O), 
_phantom_data_ 
(dpl=O), 
iniLcode 
(base=Offffff80h); 


GATE 
g13 
(entry:13, dpl=O, trap), 
i32 (entry:32, dpl=O, interrupt), 


TABLE 


ENTRY = (3:_phantom_code_, 
4:_phantom_data_, 
5:code32, 
6:data, 
7:iniLcode) 


MAIN_TASK 


( 
DPL 
= 0, 
DATA = DATA, 


NO INTENABLED, 
PRESENT 
) ; 


Give all user segments a DPL of O. 
These two segments are created by 
the builder when the FLAT control is used. 
Put startup code at the reset vector area. 


trap gate disables interrupts 
interrupt gates doesn't 


In a buffer starting at GDT_DESC, 
BLD386 places the GDT base and 
GDT limit values. Buffer must be 
6 bytes long. The base and limit 
values are places in this buffer 
as two bytes of limit plus 
four bytes of base in the format 
required for use by the LGDT 
instruction. 
Explicitly place segment 
-- entries into the GDT. 


Task privilege level is O. 
Points to a segment that 
indicates initial DS value. 
Entry point is main, which 
must be a public id. 


Segment id points to stack 
segment. Sets the initial SS:ESP. 
Disable interrupts. 
Present bit in TSS set to 1. 


MEMORY 
(RANGE = 
(EPROM = ROM(Offff8000h ••Offffffffh), 
DRAM = RAM(O ••Offffh}}, 
ALLOCATE = 
(EPROM = (MAIN_TASK}}); 


END 


asm386 flatsim.a38 debug 
asm386 application.a38 
debug 
bnd386 application.obj,flatsim.obj 
nolo debug oj (application.bnd) 
bld386 application.bnd 
bf (flatsim.bld) bl flat 


Commands 
to assemble 
and build a boot-Ioadable 
application 
named "application.a38". 
The initialization 
code 


is called 
"flatsim.a38", 
and build file is called 
"application. 
bid". 


The 80376 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and most of the non-random logic of the part. 
Approximately one-half of the 80376 can be tested 
during self-test. 


Self-Test is initiated on the 80376 when the RESET 
pin transitions from HIGH to LOW, and the BUSY pin 
is LOW. The self-test takes about 220 clocks, or ap- 
proximately 33 ms with a 16 MHz 80376 processor. 
At the completion of self-test the processor per- 
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents of 
the EAX register is zero. If the EAX register is not 
zero then the self-test has detected a flaw in the 
part. If self-test is not selected after reset, EAX may 
be non-zero after reset. 


BREAKPOINT 
0 
DEBUG 
FAULT!TRAP 


BREAKPOINT 
1 DEBUG 
fAULT/TRAP 


BREAKPOINT 2 DEBUG fAULT/TRAP 


BREAKPOINT 
3 
DEBUG 
FAULT!TRAP 


REGISTER 
ACCESS 
FAULT 


SINGLE-STEP 
DEBUG 
TRAP 


TASK 
SWITCH 
DEBUG 
TRAP 
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The 80376 provides several features which simplify 
the debugging process. The three categories of on- 
chip debugging aids are: 
1. The code execution breakpoint opcode (OCCH). 
2. The single-step capability provided by the TF bit 
in the flag register, and 
3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 


A single-byte software interrupt (Int 3) breakpoint in- 
struction is available for use by software debuggers. 
The breakpoint opcode is OCCh,and generates an 
exception 3 trap when executed. 


Gl: GLOBAL 
BREAKPOINT 
ENABLE 
I ] 
1I: LOCAL 
BREAKPOINT 
ENABLE 
I 


LOCAL 
EXACT 
BREAKPOINT 
ll4ATCH 


GLOBAL 
EXACT 
BREAKPOINT 
-...•.TCH 


GLOBAL 
DEBUG 
REGISTER 
ACCESS 
ornCT 


DEBUG 
STATUS 
REGISTER 


SINGLE·STEP 
TRAP 


If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1. 


The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break- 
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei- 
ther of which can be supported by the INT 3 break- 
point opcode. 


The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break- 
point control registers. Initially after reset, break- 
points are in the disabled state; therefore, no break- 
points will occur unless the debug registers are 
programmed. Breakpoints set up in the 
Debug 


Registers 
are 
auto-vectored 
to 
exception 
1. 
Figure 2.6 shows the breakpoint status and control 
registers. 


ACCESS RIGHTS 


L1t.4IT 


BASE ADDRESS 


The Intel 80376 Embedded Processor has a physi- 
cal address space of 16 Mbytes (224 bytes) and al- 
lows the running of virtual memory programs of al- 
most unl mited size (16 Kbytes x 
16 Mbytes or 


256 Gbytes (238 bytes)). In addition the 80376 pro- 
vides a sophisticated memory management and a 
hardware-assisted protection mechanism. 


The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin- 
ear base address of a segment, and a 32-bit effec- 
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1). The table contains the 32-bit base ad- 
dress of a given segment. The linear address is 
formed by adding the base address obtained from 
the table to the 32-bit effective address. This value • 
is truncated to 24 bits to form the physical address, 
which is then placed on the address bus. 


3.2 Segmentation 


Segmentation is one method of memory manage- 
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions 
of memory which have common attributes. For ex- 
ample, all of the code of a given program could be 
contained in a segment, or an operating system ta- 
ble may reside in a segment. All information about 
each segment, is stored in an 8-byte data structure 
called a{Jescriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 


The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 
PL: 
Privilege Level-one 
of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 


RPL: Requestor Privilege Level-The 
privilege 
level of the original supplier of the selector. 
RPL is determined by the least two significant 
bits of a selector. 


DPL: Descriptor Privilege Level-This 
is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev- 
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 


CPL: 
Current Privilege Level-The 
privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg- 
ment being executed. CPL can also be deter- 
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg- 
ments. 


EPL: 
Effective 
Privilege 
Level-The 
effective 
privilege level is the least privileged of the 
RPL and the DPL. EPL is the numerical maxi- 
mum of RPL and DPL. 


Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


The descriptor tables define all of the segments 
which are used in an 80376 system. There are three 
types of tables on the 80376 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Decriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de- 
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 
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Each of the tables have a register associated with it: 
GDTR, LDTR and IDTR; see Figure 3.2. The LGDT, 
LLDT BindL1DTinstructions load the base and limit 
of the Global, Local and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLOT and 
SlOT store these base and limit values. These are 
privilegl3dinstructions. 


LOT BASE 
LINEAR 
ADDRESS 
o 
32 


lOT LIMIT 
PROGRAM 
INVISIBLE 
AUTOMATICALLY 
LOADED 
rROM 
LOT DESCRIPTOR 


Global Descriptor Table 


The Global Descriptor Table (GOT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for interrupt and trap de- 
scriptors. Every 80376 system contains a GOT. A 
simple 80376 system contains only 2 entries in the 
GOT; a code and a data descriptor. For maximum 
performance, descriptor tables should begin on 
even addresses. 


The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 


Local DI!scrlptor Table 


LOTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LOT. The 
LOT may contain only code, data, stack, task gate, 
and call gate descriptors. LOTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro- 


vides both isolation and protection for a task's seg- 
ments, while still allowing global data to be shared 
among tasks. 


Unlike the 6-byte GOTor lOT registers which contain 
a base address and limit, the visible portion of the 
LOT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GOT (see Figure 2.1). 


The third table needed for 80376 systems is the In- 
terrupt Descriptor Table. The lOT contains the de- 
scriptors which point to the location of up to 256 
interrupt service routines. The lOT may contain only 
task gates, interrupt gates and trap gates. The lOT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the lOT. The lOT entries are referenced by INT 
instructions, external interrupt vectors, and excep- 
tions. 


The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities which contain attributes about a given 
region of linear address space. These attributes in- 
clude the 32-bit logical base address of the seg- 
31 


ment, the 20-bit length and granularity of the seg- 
ment, the protection level, read, write or execute 
privileges, and the type of segment. All of the attri- 
bute information about a segment is contained in 12 
bits in thl3segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P= 1 if the segment 
is loaded in physical memory, if P = 0 then any 
attempt to access the segment causes a not present 
exception (exception 11). The DPL is a two-bit field 
which specifies the protection level, 0-3, associated 
with a segment. 


The 80376 has two main categories of segments: 
system segments, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg- 
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is 0 
then the segment is a system segment. 


Note that 
although 
the 
80376 
is limited to 
a 


16-Mbyte Physical address space (224), its base ad- 
dress allows a segment to be placed anywhere in a 
4-Gbyte linear address space. When writing code for 
the 80376, users should keep code portability to an 
80386 processor (or other processors with a larger 
physical address space) in mind. A segment base 
address can be placed anywhere in this 4-Gbyte lin- 
ear address space, but a physical address will be 


o 
BYTE 


ADDRESS 
o 
SEGMENT BASE 15 ... 0 
SEGMENT LIMIT 15 ... 0 


BASE 
A 
LIMIT 
BASE 
G 1 0 V 
P 
DPL 
S 
TYPE 
A 
31 " . 24 
L 19 ... 16 
23" 
. 16 
I 
I 
I 


BASE 
Base Addressof the segment 


LIMIT 
The length of the segment 
P 
PresentBit 
1 = Present 
0 = Not Present 
DPL 
DescriptorPrivilegeLevel 0-3 


S 
SegmentDescriptor: 
0 ~ SystemDescriptor, 
1 ~ Code or Data Descriptor 


TYPE 
Type of Segment 


A 
Accessed Bit 


G 
GranularityBit 
1 = Segmentlength is 4 Kbyte Granular 
o ~ Segmentlength is byte granular 
o 
Bit must be zero (0) for compatibilitywith future processors 
AVL 
Availablefield for user or as 


Figure 3.3. Segment 
Descriptors 


SEGMENT BASE 15 ... 0 
SEGMENT LIMIT Hi ... 0 


BASE 
A 
LIMIT 
ACCESS 
BASE 
G 
1 0 
V 
RIGHTS 
31 " . 24 
L 
19".16 
BYTE 
23 ... 16 


G 
GranularityBit 
1 ~ Segment length is 4 Kbyte granular 
o = Segmentlength is byte granular 


o 
Bit must be zero (0) for compatibilitywith future processors 


AVL Availabe field for user or as 


• 
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Bit 
Name 
Function 
Position 


7 
Present (P) 
P = 1 
Segment 
is mapped 
into physical 
memory. 


P=O 
No mapping to physical 
memory exits 


6-5 
Descriptor 
Privilege 
Segment 
privilege 
attribute 
used in privilege tests. 


Level (DPL) 


4 
Segment 
S = 1 
Code or Data (includes 
Btacks) segment 
descriptor 
Descriptor 
(S) 
S=O 
System Segment 
Descriptor 
or Gate Descriptor 


3 
Executable 
(E) 
E=O 
Descriptor 
type is data segment: 
} 


If 
2 
Expansion 
ED = 0 Expand up segment, 
offsets 
must be ~ limit. 
Data 
Direction 
(ED) 
ED = 
1 Expand down segment, 
offsets 
must be > limit. 
Segment 
1 
Writable 
(W) 
W = 0 
Data segment 
may not be written into. 
(S = 
1, 


W = 1 
Data segment 
may be written into. 
E = 0) 


3 
Executable 
(E) 
E = 1 
Descriptor 
type is code segment: 


} 


If 
2 
Conforming 
(C) 
C = 1 
Code segment 
may only be executed 
when 
Code 
CPL ;::,DPL and CPL remains unchanged. 
Segment 
1 
Readable 
(R) 
R=O 
Code segment 
may not be read. 
(S = 
1, 


R = 
1 
Code segment 
may be read. 
E = 1) 


0 
Accessed 
(A) 
A=O 
Segment 
has not been accessed. 
A = 1 
Segment 
selector 
has been loaded into segment 
register 


or used by selector 
test instructions. 


generated 
that 
is a truncated 
version 
of this linear 


address. 
Truncation 
will be to the maximum 
number 


of address 
bits. It is recommended 
to place EPROM 


at the 
highest 
physical 
address 
and 
DRAM 
at the 


lowest 
physical 
addresses. 


Code and Data Descriptors 
(S= 1) 


Figure 3.4 shows 
the general 
format 
of a code and 


data descriptor 
and Table 3.1 illustrates 
how the bits 


in the Access 
Right Byte are interpreted. 


Code 
and 
data 
segments 
have 
several 
descriptor 


fields in common. 
The accessed 
bit, A, is set when- 


ever the processor 
accesses 
a descriptor. 
The gran- 


ularity bit, G, specifies 
if a segment 
length 
is 1-byte- 


granular 
or 
4-Kbyte-granular. 
Base 
address 
bits 


31-24, 
which 
are normally 
found 
in 80386 
descrip- 


tors, are not made externally 
available 
on the 80376. 
They do not affect 
the operation 
of the 80376. 
The 


A31-A24 
field 
should 
be set to allow 
an 80386 
to 


correctly 
execute 
with 
EPROM 
at the 
upper 
4096 


Mbytes 
of physical 
memory. 


System 
Descriptor 
Formats 
(S = O) 


System 
segments 
describe 
information 
about 
oper- 


ating 
system 
tables, 
tasks, 
and 
gates. 
Figure 
3.5 


shows 
the 
general 
format 
of system 
segment 
de- 


scriptors, 
and the various types of system segments. 


80376 
system 
descriptors 
(which 
are the same 
as 


80386 descriptor 
types 2, 5, 9, B, C, E and F) contain 


a 32-bit 
logical 
base address 
and a 20-bit segment 


limit. 
• 


Select()r 
Fields 


A selector 
has three fields: 
Local or Global 
Descrip- 


tor Table 
Indicator 
(TI), Descriptor 
Entry 
Index 
(In- 


dex), and Requestor 
( the selector's) 
Privilege 
Level 


(RPL) as shown 
in Figure 3.6. The TI bit selects 
ei- 


ther 
the Global 
Descriptor 
Table 
or the 
Local 
De- 


scriptor 
Table. The Index selects 
one of 8K descrip- 


tors in the appropriate 
descriptor 
table. The RPL bits 


allow 
high speed 
testing 
of the selector's 
privilege 


attribut'9S. 


Segment 
Descriptor 
Cache 


In addition 
to the selector 
value, every segment 
reg- 


ister has a segment 
descriptor 
cache 
register 
asso- 


ciated 
with it. Whenever 
a segment 
register's 
con- 


tents are changed, 
the 8-byte descriptor 
associated 


with that 
selector 
is automatically 
loaded 
(cached) 


on the chip. Once loaded, 
all references 
to that seg- 


ment use the cached 
descriptor 
information 
instead 


of reaccessing 
the descriptor. 
The contents 
of the 


descriptor 
cache 
are not visible 
to the programmer. 


Since 
descriptor 
caches 
only 
change 
when 
a seg- 


ment 
register 
is changed, 
programs 
which 
modify 


the 
descriptor 
tables 
must 
reload 
the 
appropriate 


segme'1t 
registers 
after 
changing 
a 
descriptor's 


value. 


Type 
Defines 


o 
Invalid 
1 
Reserved 


2 
LDT 
3 
Reserved 
4 
Reserved 
5 
Task Gate (80376/80386 Task) 
6 
Reserved 
7 
Reserved 


o 


BASE 
+4 


23 ... 16 


TYI.e 
Defines 
8 
Invalid 
9 
Available80376180386 TSS 
A 
Undefined(Intel Reserved) 
B 
Busy80376/80386 TSS 
C 
80376/80386 Call Gate 
D 
Undefined(Intel Reserved) 
E 
80376/80386 InterruptGate 
F 
80376/80386 Trap Gate 


NULL 


GLOBAL 
DESCRIPTOR 


TABLE 
(GOT) 


Figure 3.6. Example 
Descriptor 
Selection 


-Data 
stored 
in a segment 
with privilege 
level p 


can be accessed 
only by code executing 
at a 


privilege 
level at least as privileged 
as p. 
The 
80376 
offers 
extensive 
protection 
features. 
These 
protection 
features 
are particularly 
useful 
in 


sophisticated 
embedded 
applications 
which 
use 


multitasking 
real-time 
operating 
systems. 
For sim- 
pler embedded 
applications 
these 
protection 
capa- 


bilities can be easily bypassed 
by making all applica- 


tions run at privilege 
level (PL) o. 


The 80376 
controls 
access 
to both data and proce- 
dures between 
levels of a task, according 
to the fol- 


lowing 
rules. 


-A 
code segment/procedure 
with privilege 
level p 


can only be called 
by a task executing 
at the 


same or a lesser privilege 
level than p. 


At any point 
in time, 
a task 
on the 80376 
always 


executas 
at one of the four privilege 
levels. The Cur- 


rent Privilege 
Level (CPL) specifies 
what the task's 


privilege 
level is. A task's 
CPL may only be changed 


• 


by control 
transfers 
through 
gate 
descriptors 
to a 


code 
segment 
with a different 
privilege 
level. Thus, 


an application 
program 
running at PL = 3 may call an 
operating 
system routine at PL = 1 (via a gate) which 


would 
cause the task's 
CPL to be set to 1 until the 
operating 
system 
routine was finished. 


Selector 
Privilege 
(RPL) 


The privilege 
level of a selector 
is specified 
by the 
RPL field. The selector's 
RPL is only used to estab- 
lish a less trusted 
privilege 
level 
than 
the 
current 


privilege 
level of the task for the use of a segment. 


This level is called the task's 
effective 
privilege 
level 


(EPL). The 
EPL is defined 
as being the least 
privi- 
leged (numerically 
larger) level of a task's 
CPL and a 
selector's 
RPL. The RPL is most commonly 
used to 


verify 
that 
pointers 
passed 
to an operating 
system 


procedure 
do not access 
data that is of higher privi- 


lege than the procedure 
that originated 
the pointer. 


Since 
the 
originator 
of a selector 
can specify 
any 


~PL value, the Adjust RPL (ARPL) instruction 
is pro- 


Vided to force the RPL bits to the originator's 
CPL. 


1/0 Privilege 


The I/O privilege 
level (IOPL) lets the operating 
sys- 


tem code executing 
at CPL =0 define the least privi- 
leged level at which I/O instructions 
can be used. An 


exception 
13 (General 
Protection 
Violation) 
is gener- 
ated if an I/O instruction 
is attempted 
when the CPL 
of the 
task 
is less 
privileged 
than 
the 
10PL. The 


~OPL is stored in bits 13 and 14 of the EFLAGS 
reg- 


Ister. The following 
instructions 
cause an exception 


13 if the CPL is greater 
than 
10PL: IN, INS, OUT, 


OUTS, STI, CLI and LOCK prefix. 


Descriptor 
Access 


There 
are 
basically 
two 
types 
of segment 
acces- 


sess: those 
involving 
code 
segments 
such as con- 
trol 
transfers, 
and 
those 
involving 
data 
accesses. 


Determining 
the ability 
of a task 
to access 
a seg- 
ment involves 
the type of segment 
to be accessed 


the instruction 
used, the type of descriptor 
used and 
CPL, RPL, and DPL as described 
above. 


intel~ 


Any time an instruction 
loads a data segment 
regis- 


ter (OS, ES, FS, GS) the 80376 
makes 
protection 


validation 
checks. 
Selectors 
loaded 
in the 
OS, ES, 


FS, GS registers 
must refer only to data segment 
or 


readable 
code segments. 


Finally the privilege validation 
checks 
are performed. 


The CPL is compared 
to the EPL and if the EPL is 


more privileged 
than the CPL, an exception 
13 (gen- 


eral protection 
fault) is generated. 


The rules regarding 
the stack 
segment 
are slightly 


different 
'than those 
involving 
data 
segments. 
In- 


structions 
that load selectors 
into SS must refer to 


data 
segment 
descriptors 
for 
writeable 
data 
seg- 


ments. The DPL and RPL must equal the CPL of all 
other 
descriptor 
types 
or a privilege 
level violation 


will cause an exception 
13. A stack not present 
fault 


causes 
an exception 
12. 


Inter-segment 
control 
transfers 
occur when a selec- 


tor is loaded 
in the CS register. 
For a typical 
system 


most of these transfers 
are simply the result of a call 


or a jump to another 
routine. There are five types of 


control 
transfers 
which are summarized 
in Table 3.2. 


Many 
of these 
transfers 
result 
in a privilege 
level 


transfer. 
Changing 
privilege 
levels 
is done 
only 
by 


control 
transfers, 
using gates, task switches, 
and in- 


terrupt 
or trap gates. 


Controf 
transfers 
can 
only 
occur 
if the 
operation 


which loaded the selector 
references 
the correct 
de- 


scriptor 
type. Any violation 
of these descriptor 
usage 


rules will cause an exception 
13. 


Gates provide 
protected 
indirect 
CALLs. 
One of the 


major 
USElS of gates is to provide a secure method 
of 


privilege 
r~nsfers 
within a task. Since the operating 


system 
defines 
all of the gates 
in a system, 
it can 


ensure that all gates only allow entry into a few trust- 
ed procedures. 


Control 
Transfer 
Types 
Operation 
Types 
Descriptor 
Descriptor 


Referenced 
Table 


Intersegment 
within the same privilege 
level 
JMP, CALL, RET, IREP 
Code Segment 
GOT/LOT 


Intersegment 
to the same or higher privilege 
level 
CALL 
Call Gate 
GOT/LOT 


Interrupt within task may change CPL 
Interrupt 
Instruction, 
Trap or 
lOT 


Exception, 
External 
Interrupt 
Interrupt 
Gate 


Intersegment 
to a lower privilege 
level 
RET,IRET' 
Code Segment 
GOT/LOT 


(changes 
task CPL) 


CALL, JMP 
Task State 
GOT 


Segment 


Task Switch 
CALL, JMP 
Task Gate 
GOT/LOT 


IREP' 
Task Gate 
IDT 


Interrupt 
Instruction, 
Exception, 
External 
Interrupt 


NOTE 
BIT_ 
must b 


31 
16 
15 
0 


0000000000000000 
I 
B"CK LINK 
0 


ESPO 
4 


0000000000000000 
I 
sso 
B 


ESPI 
C 


0000000000000000 
I 
SSI 
10 


ESP2 
U 


0000000000000000 
I 
SS2 
1B 


CR3 
1C 


EIP 
20 


ErLAGS 
24 


E4X 
2B 


ECX 
2C 


EOX 
30 


EBX 
34 


ESP 
3B 


EBP 
3C 


ESI 
40 


EOI 
44 
: 
MAP_OFFSET 
0000000000000000 
ES 
4B 


e';; 
DFFFH 
0000000000000000 
cs 
4C 


0000000000000000 
SS 
50 


0000000000000000 
OS 
54 


0000000000000000 
rs 
5B 


0000000000000000 
GS 
5C 


0000000000000000 
LOT 
60 


BILM"P 
_OrrSET( 
15:0) 
0000000000000000 
IT 
64 


"V"ILABLE 
---- 
68-- 


SYSTEM ST"TUS, ETC. 
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IN B03B6 TSS 


/ 


31 
24 
23 
16 
15 
B 
7 
0 


63 
56 
55 
4B 
47 
40 
39 
32 
BIT 


95 
B8 
87 
80 
79 
72 
71 
64 
.-------------. 
96 
or 
0 
"CCESS I 
TSS 
0 
0 
0 - 
or 
0 
RIGHTS 
LIMIT 
0 


0 
0 
" 
0 
.;. 
0 
B"SE 
I/o 
PERMISSION BITM"P 
0 
0 
0 
65407 
(ONE BIT PER BYTE I/O 
or 
031 
PROGR"M 
0: 
0 
PORT. BITM"P M"Y BE 
0 
INVISIBLE 
0 
65439 
TRUNC"TEO US;NG TSS LIMIT.) 
or 
._----------- 
...• 
T"SK REGISTER 
65471 
or 


~ 


65503 
I 
65472 
or 
TR 
SELECTOR 
65535 
65504 
or 


15 
0 
"rrH" 
or 


.•• TSS LIMIT 


= 9: Available 
80376 
31 
80386 
TSS OESCRIPTOR(IN GOT) 
0 


TSS. 
SEGMENT B"SE 15 ...0 
SEGMENTLIMIT 15 ..0 
= B: Busy 80376 
TSS. 


Bm 
31..241c1' I0 1oI1L~M;~ 
pi O~L~OIITYrE, 
I 
B"SE 
23 .. 16 


JTSS 
B"SE 


ST"CKS 
roR 
CPL 0,1,2 


CURRENT 
T"SK 
ST"TE 


rSET + C 


rSET+ 
10 


rSET + 1rEC 


rsET + 1rro 


rSET + 1rr4 


rSET + 1rr8 


rSET + 1rrc 


rSET + 2000 


Type 


Type 


A very important attribute of any multi-tasking oper- 
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and commences execution in the new task. 
Like transfer of control by gates, the task switch op- 
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS), or a task gate descriptor °in 
the GOT or LOT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated lOT descriptor slot. For simple appli- 
cations, the TSS and task switching may not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GOT, LOT 
or lOT. 


The TSS descriptor points to a segment (see Figure 
3.7) containing the entire 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition- 
al information as the reason the task is inactive, the 
time the task has spent running, and open files be- 
longing to the task. For maximum performance, TSS 
should start on an even address. 


Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 


interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 


Several bits in the flag register and CROregister give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the IRET instruction. If NT = 
o the IRET instruction performs the regular return. If 
NT = 
1, IRET performs a task switch operation 


back to the previous task. The NT bit is set or reset 
in the following fashion: 


When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter- 
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 


The 80376 task state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE OBH.Use of a selector that references a busy 
task stat,esegment causes an exception 13. 


The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CROregister helps deal with the coproces- 
sor's state in a multi-tasking environment. Whenever 
the 80376 switches tasks, it sets the TS bit. The 
80376 dE3tectsthe first use of a processor extension 
instruction after a task switch and causes the proc- 
essor extension not available exception 7. The ex- 
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 


The T bit in the 80376 TSS indicates that the proc- 
essor should generate a debug exception when 
switchin!l to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 
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The I/O instructions 
that directly 
refer to addresses 
in the processor's 
I/O space 
are IN, INS, OUT and 
OUTS. The 80376 
has the ability to selectively 
trap 
references 
to specific 
I/O addresses. 
The structure 
that 
enables 
selective 
trapping 
is the I/O Permis- 
sion Bit Map in the TSS segment 
(see Figures 
3.7 
and 3.8). The 
I/O 
permission 
map is a bit vector. 


The size of the map and its location 
in the TSS seg- 
ment 
are variable. 
The 
processor 
locates 
the 
I/O 
permission 
map by means of the I/O map base field 


in the fixed portion 
of the TSS. The 1/0 map 
base 
field 
is 16 bits wide and contains 
the offset 
of the 
beginning 
of the I/O permission 
map. 


If an I/O 
instruction 
(IN, INS, OUT or OUTS) 
is en- 
countered, 
the 
processor 
first 
checks 
whether 
CPL ~ 10PL. If this condition 
is true, the I/O opera- 
tion may proceed. 
If not true, the processor 
checks 
the I/O permission 
map. 
. 


Each bit in the map corresponds 
to an I/O port byte 
address; 
for example, 
the bit for port 41 is found 
at 
110 map base + 5 linearly, 
(5 x 8 = 40), bit offset 
1. The processor 
tests all the bits that correspond 
to 
the I/O addresses 
spanned 
by an I/O operation; 
for 
example, 
a double word operation 
tests four bits cor- 
responding 
to four adjacent 
byte addresses. 
If any 
tested 
bit is set, the processor 
signals a general 
pro- 


. tection 
exception. 
If all the tested 
bits are zero, the 
I/O operations 
may proceed. 


2X CLOCK ( 


16-BIT(DO_D15 
DATA 


BUS{ 
CONTROL 


BUS{ 
ARBITRATION 


INTERRUPTS { 


It is not necessary 
for the 
I/O 
permission 
map to 
represent 
all the I/O addresses. 
I/O addresses 
not 
spanned 
by the map are treated 
as if they had one- 
bits in the 
map. The 1/0 map 
base 
should 
be at 
least onEl byte less than the TSS limit and the last 
byte beyond 
the I/O mapping 
information 
m'ust con- 


tain all 1's. 


Because 
the I/O permission 
map is in the TSS seg- 
ment, different 
tasks can have different 
maps. Thus, 


the operating 
system 
can allocate 
ports to a task by 
changing 
the I/O permission 
map in the task's 
TSS. 


IMPORTANT 
IMPLEMENTATION 
NOTE: 
Beyond 
the last byte of I/O 
mapping 
information 
in 
the I/O permission 
bit map must 
be a byte contain- 
ing all 1'so The 
byte 
of all 1's must 
be within 
the 
limit of the 80376's 
TSS segment 
(see Figure 3.7). 


The 
Intel 
80376 
embedded 
processor 
features 
a 
straightforward 
functional 
interface 
to the 
external 
hardwarEI. The 
80376 
has separate 
parallel 
buses 
for 
data 
and 
address. 
The 
data 
bus 
is 16 bits 
in 
width, 
and 
bidirectional. 
The 
address 
bus outputs 
24-bit 
address 
values 
using 
23 address 
lines 
and 
two-byte 
enable 
signals. 


The 803"16 has two selectable 
address 
bus cycles: 


pipelined 
and 
non-pipelined. 
The 
pipelining 
option 
allows as much time as possible 
for data access 
by 


~Al-A23 
] 
~ 
24-BIT 
---+} BYTE 
ADDRESS 
---+ 
ENABLES 


} COPROCESSOR SIGNALLING 


} POWER CONNECTIONS 


starting the pending bus cycle before the present 
bus cycle is finished. A non-pipelined bus cycle 
gives the highest bus performance by executing ev- 
ery bus cycle in two processor clock cycles. For 
maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 


The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 80376 bus cy- 
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex- 
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 


The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory 
access 
(DMA) 
channels. 
When 
relin- 
quished, HLDA is the only output pin driven by the 
80376, providing near-complete 
isolation of the 


processor from its system (all other output pins are 
in a float condition). 


Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. 


The signal descriptions sometimes refer to A.C. tim- 
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame- 
ters can be found in Tables 6.4 and 6.5. 


CLK2 provides the fundamental 
timing 
for 
the 


80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu- 
tion. 
The 
internal 
clock 
is 
comprised 
of 
two 


CLK2[ 


INTERNAL [ 
PROCESSOR CLOCK 
• 


phases, "phase one" and "phase two". Each CLK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times t25 and t26. 


These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
t21 and t22 be met relative to CLK2 for correct oper- 
ation. 


During coprocessor I/O transfers, A22-A16 are driv- 
en LOW, and A23 is driven HIGH so that this ad- 
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the I/O address 
driven by the 80376 for coprocessor commands is 
8000F8H, and the I/O address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 


The address bus is capable of addressing 16 Mbytes 
of 
phys'cal 
memory 
space 
(OOOOOOHthrough 


OFFFFFFH), and 64 Kbytes of I/O address space 
(OOOOOOH 
through OOFFFFH)for programmed I/O. 


The address bus is active HIGH and will float during 
bus hold acknowledge. 


The Byte Enable outputs BHE and BLE directly indi- 
cate which bytes of the 16-bit data bus are involved 
with~ 
current transfer. BHE applies to Qli-Oa 


and BLE applies to 07-00' 
If both BHE and BLE are 


asserted, then 16 bits of data are being transferred. 
See Table 4.1 for a complete decoding of these sig- 
nals. The byte enables are active LOW and will float 
during bus hold acknowledge. 


These three-state outputs provide physical memory 
addresses or I/O port addresses. A23-A16 are LOW 
during I/O transfers except for I/O transfers auto- 
matically generated by coprocessor 
instructions. 


Table 4.1. Byte Enable Definitions 


BHE 
BLE 
Function 


0 
0 
Word Transfer 


0 
1 
Byte Transfer on Upper BytEIof the Data Bus, 015-0a 


1 
0 
Byte Transfer on Lower BytElof the Data Bus, 07-00 


1 
1 
Never Occurs 


These three-state outputs define the type of bus cy- 
cle being performed: W/R distinguishes between 
write and read cycles, DIG 
distinguishes between 
data and control cycles, MilO distinguishes between 
memory and 1/0 cycles, and LOCK distinguishes be- 
tween locked and unlocked bus cycles. All of these 
signals are active LOW and will float during bus ac- 
knowledge. 


The primary bus cycle definition signals are W/R, 
DIG and MilO, since these are the signals driven 
valid as ADS (Address Status output) becomes ac- 
tive. The LOCK signal is driven valid at the same 
time the bus cycle begins, which due to address 
pipelining, could be after ADS becomes active. Ex- 
act busEcle 
definitions, as a function of W/R, DIG 
and MilO are given in Table 4.2. 


LOCK indicates that other system bus masters are 
not to gain control of the system bus while it is ac- 
tive. LOCK is activated on the CLK2 edge that be- 
gins the first locked bus cycle (Le., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned to the end 
of the last bus cycle which is to be locked. The be- 
ginning of a bus cycle is determined when READY is 
returned in a previous bus cycle and another is 
pending (ADS is active) or the clock in which ADS is 
driven active if the bus was idle. This means that it 
follows more closely with the write data rules when it 
is valid, but may cause the bus to be locked longer 
than desired. The LOCK signal may be explicitly acti- 
vated by the LOCK prefix on certain instructions. 
LOCK is always asserted when executing the XCHG 
instruction, during descriptor updates, and during the 
interrupt acknowledge sequence. 


The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 


This three-state output indicate~ that~ vali~bus cy- 
cle definition and address (W/R, 
DIC, MilO, SHE, 
SLE and A23-A1) are being driven at the 80376 
pins. ADS is an active LOW output. Once ADS is 
driven active, valid address, byte enables, and defi- 
nition signals will not change. In addition, ADS will 
remain active until its associated bus cycle begins 
(when READY is returned for the previous bus cycle 
when rU'lning pipelined bus cycles). ADS will float 
during bus hold acknowledge. See sections Non- 
Pipellned Bus Cycles and Pipelined Bus Cycles 
for additional information on how ADS is asserted 
for different bus states. 


Transfer Acknowledge 
(READY) 


This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by SHE and 
SLE are accepted or provided. When READY is 
sampled active during a read cycle or interrupt ac- 
knowledge cycle, the 80376 latches the input data 
and terminates the cycle. When READY is sampled 
active during a write cycle, the processor terminates 
the bus cycle. 


MilO 
DIC 
W/R 
Bus Cycle Type 
Locked? 


0 
0 
0 
INTERRUPTACKNOWLEDGE 
Yes 


0 
0 
1 
Does Not Occur 
- 


0 
1 
0 
1/0 DATA READ 
No 


0 
1 
1 
1/0 DATA WRITE 
No 


1 
0 
0 
MEMORY CODE READ 
No 


1 
0 
1 
HALT: 
SHUTDOWN: 
No 
Address = 2 
Address = 0 
SHE = 1 
SHE = 1 
SLE = 0 
SLE = 0 


1 
1 
0 
MEMORY OATA READ 
Some Cycles 


1 
1 
1 
MEMORY DATA WRITE 
Some Cycles 


READY is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY must eventually be asserted to ac- 
knowledge every bus cycle, including Halt Indication 
and Shutdown Indication bus cycles. When being 
sampled, READY must always meet setup and hold 
times t19 and t20 for correct operation. 


Next Address Request (NA) 


This is used to request pipelining. This input indi- 
cates th~stem 
is prepared to accept new values 
of BHE, BLE, A23-A1, W/R, D/C and M/iO from the 
80376 even if the end of the current cycle is not 
being acknowledged on READY. If this input is ac- 
tive when sampled, the next bus cycle's address and 
status signals are driven onto the bus, provided the 
next bus request is already pending internally. NA is 
ignored in clock cycles in which ADS or READY is 
activated. This signal is active LOW and must satisfy 
setup and hold times t15 and t16 for correct opera- 
tion. See Plpellned 
Bus Cycles 
and Read and 
Write Cycles for additional information. 


BUS ARBITRATION SIGNALS (HOLD, HlDA) 


This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge 
for addi- 


tional information. 


Bus Hold Request (HOLD) 


This input indicates some device other than the 
80376 requires bus mastership. When control is 
granted, 
the 
80376 floats 
A23-A1' 
BHE, BLE, 
015-00, 
LOCK, MIlO, 
D/C, 
W/R and ADS, and 


then activates HLDA, thus entering the bus hold ac- 
knowledge state. The local bus will remain granted 
to the requesting master until HOLD becomes inac- 
tive. When HOLD becomes inactive, the 80376 will 
deactivate HLDA and drive the local bus (at the 
same time), thus terminating the hold acknowledge 
condition. 


HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis- 
tors may be required when in the hold acknowledge 
state since none of the 80376 floated outputs have 
internal pull-up resistors. See Resistor Recommen- 
dations for additional information. HOLD is not rec- 
ognized while RESET is active but is recognized dur- 
ing the time between the high-to-low transistion of 
RESET and the first instruction fetch. If RESET is 
asserted while HOLD is asserted, RESET has priori- 
ty and places the bus into an idle state, rather than 
the hold acknowledge (high-impedance) state. 


HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold timas t23 and t24 for correct operation. 


Bus Hold Acknowledge 
(HlDA) 


When active (HIGH), this output indicates the 80376 
has relinquished control of its local bus in response 
to an asserted HOLD signal, and is in the bus Hold 
Acknowledge state. 


The Bus Hold Acknowledge state offers near-com- 
plete signal isolation. In the Hold Acknowledge 
state, H DA is the only signal being driven by the 
80376. The other ou~ 
signals or bi~ectional 
sJg- 


nals (015-00, BHE, BLE, A23-A1, WIR, DIG. MIlO, 
LOCK a d ADS) are in a high-impedance state so 
the requesting bus master may control them. These 
pins remain OFF throughout the time that HLDA re- 
mains active (see Table 4.3). Pull-up resistors may 
be desinadon several signals to avoid spurious ac- 
tivity Wht9nno bus master is driving them. See Re- 
sistor 
Flecommendatlons 
for additional informa- 


tion. 


When the HOLD signal is made inactive, the 80376 
will deactivate HLDA and drive the bus. One rising 
edge on the NMI input is remembered for processing 
after the HOLD input is negated. 


Table 4.3. Output Pin State during HOLD 


~value 
L:l 


HLDA 
LOCK, M/iO, DIG. W/R, 
ADS, A23-A1. BHE, BLE, 
015-00 


Hold latencies 


The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la- 
tency at any time de8ends on the current bus activi- 
ty, the state of the L CK signal (internal to the CPU) 
activated by the LOCK prefix, and interrupts. The 
80376 will not honor a HOLD request until the cur- 
rent bus operation is complete. 


The 80376 breaks 32-bit data or 1/0 accesses into 2 
internally locked 16-bit bus cycles; the LOCK signal 
is not asserted. The 80376 breaks unaligned 16-bit 
or 32-bit data or 1/0 accesses into 2 or 3 internally 
locked 16-bit bus cycles. Again the LOCi< signal is 
not assel1ed but a HOLD request will not be recog- 
nized until the end of the entire transfer. 
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Wait states affect HOLD latency. The 80376 will not 
honor a HOLD request until the end of the current 
bus operation, no matter how many wait states are 
required. Systems with DMA where data transfer is 
critical must insure that READY returns sufficiently 
soon. 


COPROCESSOR 
INTERFACE 
SIGNALS 


(PEREQ, 
BUSY, ERROR) 


In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication 
between 
the 
80376 
and 
the 
80387SX processor extension. 


Coprocessor 
Request 
(PEREQ) 


When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans- 
ferred to/from memory by the 80376. In response, 
the 80376 transfers information between the co- 
processor and memory. Because the 80376 has in- 
ternally stored the coprocessor opcode being exe- 
cuted, it performs the requested data transfer with 
the correct direction and memory address. 


PEREQ is a level-sensitive active HIGH asynchro- 
nous signal. Setup and hold times, t29 and t30, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 Kn to ground so that it will not float active 
when left unconnected. 


Coprocessor 
Busy (BUSY) 


When asserted (LOW), this input indicates the co- 
processor is still executing an instruction, and is not 
yet able to accept another. When the 80376 en- 
counters any coprocessor instruction which oper- 
ates on the numerics stack (e.g. load, pop, or arith- 
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is seen to be 
inactive. This sampling of the BUSY input prevents 
overrunning the execution of a previous coprocessor 
instruction. 


The F(N)INIT, F(N)CLEX coprocessor instructions 
are allowed to execute even if BUSY is active, since 
these instructions are used for coprocessor initializa- 
tion and exception-clearing. 


BUSY is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times, t29 and t30, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 Kn to Vcc so that it will not float active when left 
unconnected. 


BUSY sl3rvesan additional function. If BUSY is sam- 
pled LOW at the falling edge of RESET, the 80376 
processor performs an internal self-test (see Bus 
Activity 
During 
and Following 
Reset. 
If BUSY is 


sampled HIGH, no self-test is performed. 


Coprocessor 
Error (ERROR) 


When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat- 
ically sampled by the 80376 when a coprocessor 
instruction is encountered, and if active, the 80376 
generates exception 16 to access the error-handling 
software. 


Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 
80376 
generating 
exception 
16 
even 
if 


ERROR is active. These instructions are FNINIT, 
FNCLEX, 
FNSTSW, 
FNSTSWAX, 
FNSTCW, 


FNSTENV and FNSAVE. 


ERROR is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times t29 and t30, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 Kn to Vcc so that it will not float active when left 
unconnected. 
. 


The following 
descriptions 
cover 
inputs that can in- 
terrupt 
or suspend 
execution 
of the processor's 
cur- 
rent instruction 
stream. 


Maskable 
Interrupt 
Request 
(INTR) 


When asserted, 
this input indicates 
a request 
for in- 
terrupt 
service, 
which 
can be masked 
by the 80376 
Flag Register 
IF bit. When 
the 80376 
responds 
to 
the 
INTR 
input, 
it performs 
two 
interrupt 
acknowl- 
edge 
bus 
cycles 
and, 
at the 
end 
of the 
second, 
latches 
an 8-bit interrupt 
vector 
on 07-00 
to identify 
the source 
of the interrupt. 


INTR 
is an active 
HIGH, 
level-sensitive 
asynchro- 
nous signal. Setup and hold times, t27 and t28, rela- 
tive to the CLK2 
signal 
must 
be met to guarantee 
recognition 
at a particular 
clock edge. To assure rec- 
ognition 
of an INTR 
request, 
INTR 
should 
remain 
active 
until the first interrupt 
acknowledge 
bus cycle 
begins. 
INTR is sampled 
at the beginning 
of every 
instruction. 
In order to be recognized 
at a particular 
instruction 
boundary, 
INTR must be active 
at least 
eight CLK2 clock periods before the beginning 
of the 
execution 
of the instruction. 
If recognized, 
the 80376 
will begin execution 
of the interrupt. 


This 
input 
indicates 
a request 
for interrupt 
service 
which 
cannot 
be 
masked 
by software. 
The 
non- 
maskable 
interrupt 
request 
is always 
processed 
ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. 
Because 
of the fixed NMI slot assignment, 
no 
interrupt 
acknowledge 
cycles 
are performed 
when 
processing 
NMI. 


NMI is an active 
HIGH, 
rising edge-sensitive 
asyn- 
chronous 
signal. 
Setup and hold times, t27 and t28, 
relative to the CLK2 signal must be met to guarantee 
recognition 
at a particular 
clock edge. To assure rec- 
ognition 
of NMI, it must be inactive 
for at least eight 
CLK2 periods, 
and then be active 
for at least eight 
CLK2 periods 
before the beginning 
of the execution 
of an instruction. 


Once 
NMI 
processing 
has 
begun, 
no 
additional 
NMI's 
are processed 
until 
after 
the 
next 
IRET 
in- 
struction, 
which 
is typically 
the end of the NMI serv- 
ice routine. 
If NMI is re-asserted 
prior to that time, 
however, 
one 
rising 
edge 
on NMI will 
be remem- 
bered 
for processing 
after executing 
the next IRET 
instruction. 
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Interrupt 
Latency 


The time that elapses 
before 
an interrupt 
request 
is 
serviced 
(interrupt 
latency) 
varies 
according 
to sev- 
eral factors. 
This delay must be taken 
into account 
by the interrupt 
source. 
Any of the following 
factors 
can affect 
interrupt 
latency: 


1. If interrupts 
are masked, 
and 
INTR 
request 
will 
not be recognized 
until interrupts 
are reenabled. 


2. If an NMI is currently 
being serviced, 
an incoming 
NMI request will not be recognized 
until the 80376 
encounters 
the IRET instruction. 


3. An interrupt 
request 
is recognized 
only on an in- 
struction 
boundary 
of the 80376 
Execution 
Unit 
except 
for the following 
cases: 


- 
Repeat 
string 
instructions 
can 
be interrupted 
after each iteration. 


- 
If the instruction 
loads the Stack Segment 
reg- 
ister, an interrupt 
is not processed 
until after 
the following 
instruction, 
which 
should 
be an 
ESP load. This allows 
the entire 
stack 
pointer 
to be loaded without 
interruption. 


- 
If an instruction 
sets the interrupt 
flag (enabling 
interrupts), 
an interrupt 
is not processed 
until 
after the next instruction. 


The longest 
latency 
occurs when the interrupt 
re- 
quest 
arrives 
while 
the 80376 
processor 
is exe- 
cuting a long instruction 
such as multiplication, 
di- 
vision or a task-switch. 


4. Saving the Flags register 
and CS:EIP registers. 


5. If interrupt 
service 
routine 
requires 
a task switch, 
time must be allowed 
for the task switch. 


6. If the interrupt 
service 
routine saves registers 
that 
are not automatically 
saved by the 80376. 


RESET 


This input signal suspends 
any operation 
in progress 
and places 
the 80376 
in a known 
reset 
state. 
The 
80376 
is reset by asserting 
RESET 
for 15 or more 
CLK2 periods 
(80 or more CLK2 periods 
before 
re- 
questing 
self-test). 
When 
RESET 
is active, 
all other 
input pins except 
FLT are ignored, 
and all other bus 
pins are driven to an idle bus state as shown 
in Ta- 
ble 4.4. If RESET 
and 
HOLD 
are both 
active 
at a 
point in time, RESET takes priority even if the 80376 
was 
in a Hold Acknowledge 
state 
prior to RESET 
active. 


RESET 
is an active 
HIGH, 
level-sensitive 
synchro- 
nous signal. Setup and hold times, t25 and t26, must 
be met in order 
to assure 
proper 
operation 
of the 
80376. 


Pin Name 
Signal 
Level 
during 
RESET 


AOS 
1 


015-00 
Float 


BHE, BLE 
0 


A23-A1 
1 


W/R 
0 


O/G 
1 


M/IO 
0 


LOCK 
1 


HLOA 
0 


All data transfers 
occur 
as a result of one or more 


bus cycles. 
Logical 
data operands 
of byte and word 


lengths 
may be transferred 
without 
restrictions 
on 
physical 
address 
alignment. 
Any byte boundary 
may 


be used, although 
two physical 
bus cycles 
are per- 


formed 
as required 
for unaligned 
operand 
transfers. 


The 80376 
processor 
address 
signals 
are designed 


to simplify 
external 
system 
hardware. 
BHE and BLE 


provide 
linear selects 
for the two bytes of the 16-bit 


data bus. 


Byte 
Enable 
outputs 
BHE 
and 
BLE 
are 
asserted 


when 
their 
associated 
data bus bytes 
are involved 


with the present 
bus cycle, 
as listed in Table 4.5. 


Table 
4.5. Byte 
Enables 
and Associated 
Data and Operand 
Bytes 


Byte 
Enable 
Associated 
Data Bus Signals 


BHE 
015-08 
(Byte 1-Most 
Significant) 
BLE 
OrOo 
(Byte Q-Least 
Significant) 


Each 
bus cycle 
is composed 
of at least 
two 
bus 


states. 
Each bus state requires 
one processor 
clock 


period. 
Additional 
bus states 
added 
to a single 
bus 


cycle 
are called 
wait 
states. 
See 
Bus 
Functional 


Description 
for additional 
information. 


Bus cycles 
may access 
physical 
memory 
space 
or 


I/O space. 
Peripheral 
devices 
in the system 
may ei- 


ther 
be memory-mapped, 
or I/O-mapped, 
or both. 


As shown in Figure 4.3, physical 
memory 
addresses 


range from OOOOOOHto OFFFFFFH 
(16 Mbytes) 
and 


I/O 
addresses 
from 
OOOOOOH to 
OOFFFFH 


(64 Kb 
es). Note 
the 
I/O 
addresses 
used 
by the 


automatic 
I/O 
cycles 
for coprocessor 
communica- 


tion are 8000F8H 
to 8000FFH, 
beyond 
the address 


range of programmed 
I/O, to allow easy generation 


of a co!~ocessor 
chip 
select 
signal 
using the 
A23 


and M/IO 
signals. 


With 
the 
flexibility 
of 
memory 
addressing 
on 
the 


80376, 
it is possible 
to transfer 
a logical 
operand 


that spa 
s more than one physical 
Oword or word of 


memory 
or I/O. Examples 
are 32-bit Oword or 16-bit 


word 
operands 
beginning 
at addresses 
not evenly 


divisible 
by 2. 


Operand 
alignment 
and size dictate 
when 
multiple 


bus 
cycles 
are 
required. 
Table 
4.6 
describes 
the 


transfer 
cycles generated 
for all combinations 
of log- 


ical operand 
lengths 
and alignment. 


Table 
4.6. Transfer 
Bus Cycles 


for Bytes, 
Words 
and Dwords 


Byte-Length 
of Logical 
Operand 


1 
2 
4 


Physical 
Byte 
Address 
in 
xx 
00 
01 
10 
11 
00 
01 
10 
11 


Memory 
(Low-Order 
Bits) 


Transfer 
b 
w 
Ib, 
w 
hb, 
Iw, 
hb, 
hw, 
mw, 


Cycles 
hb 
I,b 
hw 
Ib, 
Iw 
hb, 


mw 
Ib 


b =. byte transfer 
w 
== word 
transfer 
I = low-order 
portion 
m 
:= mid-order 
portion 


x = don't 
care 


h =. high-order 
portion 


• 


w~ 


~~ 


~SIB~ 


~ 


BOOOffH 
3- 


BOOOfBHI 
~ 
COPROCESSOR 


16-MBYTE 
(NOTE) W~ 


~;1 
~N6r~J. 


I ACCESSIB.E 
t 
W 
./#/J. 


OOffffH EJ} 
ACCESSIBLE 
64 k BYTE 
PROGRAMMED 
OOOOOOH 
~------~ 
OOOOOOH 
I/O 
SPACE 


PHYSICAL 
MEMORY 
SPACE 
I/O 
SPACE 


NOTE: 
Since 
A23 is HIGH during 
aU10matic communication 
with coprocessor, 
A23 HIGH and MIlO LOW can be used to easily 


generate 
a coprocessor 
select 
signal. 


Figure 4.3. Physical Memory and 1/0 Spaces 


5. Read from liD space (or coprocessor) 
6. Write to liD space (or coprocessor) 
7. Interrupt acknowledge (always locked) 
8. Indicatl3halt, or indicate shutdown 


The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi- 
rectional. The address bus provides a 24-bit value 
using 23 signals for the 23 upper-order address bits 
and 2 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con- 
trolled by several definition signals. 


The definition of each bus cycle is given by three 
signals: MilO, 
W/Po and DIG. At the same time, a 


valid address is present on the byte enable signals, 
BHE and 
BLE, and the 
other address signals 


A23-A1. A status signal, ADS, indicates when the 
80376 issues a new bus cycle definition and ad- 
dress. 


Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as "the 
bus". When active, the bus performs one of the bus 
cycles below: 
1. Read from memory space 
2. Locked read from memory space 
3. Write to memory space 
4. Locked write to memory space 


Table 4.2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See Bus Cycle 
Definition Signals for additonal information. 


When the! 80376 bus is not performing one of the 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex- 
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS) since the beginning of its most 
recent bus cycle, and the most recent bus cycle hav- 
ing been terminated. The hold acknowledge state is 
identified by the 80376 asserting its hold acknowl- 
edge (HLDA) output. 


The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 


CLK2 
[ 
(INPUT) 


BHE,!LE,A~-A2~ 
[ 
t.4/IO, D/C, W/R 
(OUTPUTS) 


ADS 
[ 
(OUTPUT) 


NA[ 
(INPUT) 


READY 
[ 
(INPUT) 


LOCK 
[ 
(OUTPUT) 


00-015 
[ 


(INPUT 
DURING 
READ) 


CYCLE 
1 
CYCLE 
2 
CYCLE 
3 
NON- 
PIPELINED 
NON-PIPELINED 
NON-PIPELINED 
(READ) 
(READ) 
(READ) 


T1 
T2 
T1 
T2 
T1 
T2 


.' 
1.2 
.' 
1_2 
.' 
1_2 
.' 
1.2 
.' 
1.2 
.' 1. 
2 .' 


Figure 4.4. Fastest 
Read Cycles with Non-Plpelined 
Timing 


The fastest 80376 bus cycle requires only two bus 
selectable on a cycle-by-cycle basis with the Next 
states. For example, three consecutive bus read cy- 
Address (NA) input. 


cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or 1/0 address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 


Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80376 
READY input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY is not immedi- 
ately asserted however, T2 states are repeated in- 
definitely until the READY input is sampled active. 


The pipelining option provides a choice of bus cycle 
timings. 
Pipelined 
or 
non-pipelined 
cycles 
are 


When pipelining is selected the address (SHE, SLE 
and A2:l-A1) and definition (W/R, 
D/C, 
MilO and 


LOCK) of the next cycle are available before the end 
of the current cycle. To signal their availability, the 
80376 address status output (ADS) is asserted. Fig- 
ure 4.5 illustrates the fastest read cycles with pipe- 
lined timing. 


Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T21). Therefore pipelined cycles allow the same 
data bandwidth as non-pipelined cycles, but ad- 
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy- 
cle. 


• 


CYCLE 1 
PIPELINED 
(READ) 


T1P 
T2P 


.11.2 
.11.2 


CLK2 [ 
(INPUT) 


BHE,!LE,A ~-A2~ 
[ 
1.4/10, D/C, 
W/R 
(OUTPUTS) 


ADS [ 
(OUTPUT) 


HA[ 
(INPUT) 


READY [ 
(INPUT) 


LOCK [ 
(OUTPUT) 


00-015 [ 
(INPUT DURINGREAD) 


CYCLE :! 
CYCLE3 
PIPELINED 
PIPELINED 
(READ) 
(READ) 


T1P 
T2P 
T1P 
T2P 


.11.2 
.11.2 
.11.2 
.1 
\.2 


Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles, data is transferred from the 
processor to an external device. 


Two choices of bus cycle timing are dynamically se- 
lectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined tim- 
ing. However the NA (Next Address) input may be 
asserted to select pipelined timing for the next bus 
cycle. When pipelining is selected and the 80376 
has a bus request pending internally, the address 
and definition of the next cycle is made available 
even before the current bus cycle is acknowledged 
by READY. 


Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY input. Until acknowledged, the processor in- 
serts wait states into the bus cycle, to allow adjust- 


ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY input at the appropri- 
ate time. 


At the end of the second bus state within the bus 
cycle, READY is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY,the bus cycle terminates as shown in Figure 
4.6. If READY is negated as in Figure 4.7, the 80376 
executes another 
bus state (a wait state) and 
READY is sampled again at the end of that state. 
This continues indefinitely until the cycle is acknowl- 
edged by READY asserted. 


When the current cycle is acknowledged, the 80376 
terminate$ it. When a read cycle is acknowledged, 
the 80376 latches the information present at its data 
pins. When a write cycle is acknowledged, the write 
data of the 80376 remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 


PROCESSOR CLK [ 


BHE,BLE, [ 
Al-A23, 
t.l/iO,D/C 


ADS [ 


w;[ 


IDLE 
I 
CYCLE 1 
NON-PIPELINED 
(WRITE) 


CYCLE 2 
I 
NON-PIPELINED 
(READ) 


T1 
T2 


CYCLE 3 
NON-PIPELINED 


(WRITE) 


IDLE I 
CYCLE 4 


NON-PIPELINED 


(READ) 


IDLE 
I 
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Idle states 
are shown 
here for diagram 
variety 
only. Write cycles 
are not always 
followed 
by an idle state. An active 
bus 
cycle 
can immediately 
follow 
the write cycle. 


Non·Pipelined Bus Cycles 


Any bus cycle may be performed 
with non-pipelined 


timing. 
For example, 
Figure 4.6 shows 
a mixture 
of 
non-pipelined 
read 
and 
write 
cycles. 
Figure 
4.6 
shows that the fastest 
possible 
non-pipelined 
cycles 
have two bus states 
per bus cycle. 
The states 
are 
named 
T1 and T2. In phase one of T1, the address 
signals 
and 
bus cycle 
definition 
signals 
are driven 


valid and, to signal their availability, 
address 
strobe 


(ADS) is simultaneously 
asserted. 


During read or write cycles, the data bus behaves 
as 


follows. 
If the cycle 
is a read, the 80376 
floats 
its 


data signals 
to allow driving 
by the external 
device 


being addressed. 
The 80376 requires that all data 


bus pins be at a valid logic state (HIGH or LOW) 
at the end of each read cycle, when READY is 
asserted. The system MUST be designed to 
meet thil. requirement. If the cycle is a write, data 
signals 
are driven 
by the 80376 
beginning 
in phase 


two of T1 until phase one of the bus state following 
cycle acknowledgement. 
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I 


n 


CYCLE 3 
NON-PIPELINED 
(READ) 


IDLE I 


n 


IDLE I 
CYCLE 1 
NON-PIPELINED 


(READ) 


CYCLE 2 
NON-PIPELINED 


(WRITE) 


PROCESSOR CLK [ 


BHE,BLE, 
[ 
A1- A23, 
M/iO,D/C 
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Idle states 
are shown 
here for diagram 
variety 
only. Write cycles 
are not always 
followed 
by an idle state. 
An active 
bus 
cycle 
can immediately 
follow 
the write cycle. 


Figure 4.7. Various 
Non·Pipelined 
Bus Cycles (Various 
Number 
of Walt States) 


Figure 4.7 illustrates non-pipelined bus cycles with 
last one, as shown in Figure 4.7, Cycles 2 and 3. If 
one wait state added to Cycles 2 and 3. READY is 
NA is sampled active during a T2 other than the last 
sampled inactive at the end of the first T2 in Cycles 
one, thEInext state would be T21or T2P instead of 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
another T2. 
again. At the end of the second T2, READY is sam- 
pled active. 
When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions 
between four possible 


states, T1, T2, Tj, and Th. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth- 
erwise ·the bus may be idle, Tj, or in the hold ac- 
knowledge state Th. 


When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir- 
able to maintain non-pipelined timing, it is necessary 
to negate NA during each T2 state except the 


READY ASSERTED • 
HOLD NEGATED. 
REQUEST PENDING 


READY NEGATED. 


NA NEGATED 
240182-23 


Bus States: 
T1-first 
clock of a non-pipelined bus cycle (80376 drives new address and asserts A"i)S). 


T2-subsequent 
clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 


Ti-idle 
state. 


Th-hold 
acknowledge state (80376 asserts HLDA). 
The fastest bus cycle consists of two states: T1 and T2. 
Four basic bus states describe bus operation when not using pipelined address. 


Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA is inactive, T2 is repeated. When a cycle is ac- 
knowledged during T2, the following state will be T1 
of the next bus cycle if a bus request is pending 
internally, or Ti if there is no bus request pending, or 
Th if the HOLD input is being asserted. 


Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 is the complete bus state diagram, including 
pipelined cycles. 


Plpellned 
Bus Cycles 


Pipelining is the option of requesting the address 
and the bus cycle definition of the next inter- 


nally pending bus cycle before the current bus cycle 
is acknowledged with READY asserted. ADS is as- 
serted by the 80376 when the next address is is- 
sued. The pipelining option is controlled on a cycle- 
by-cycle basis with the NA input signal. 


Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles NA is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA is sampled at the end 
of phase one of every T2 (it was asserted once dur- 
ing the 'irst T2 and has no further effect during that 
bus cycle). 


CLK2 
[ 


PROCESSOR CLK [ 


8HE,8LE, 
[ 
Al-A23, 
M/iO, 
DIG 


W/R 
[ 


READY [ 


LOCK 
[ 


DO- D15 [ 


IDLE 
CYCLE 1 
NON-PIPELINED 


(WRITE) 


CYCLE 2 
NON-PIPELINED 


(READ) 


CYCLE 3 
PIPELINED 


(WRITE) 


CYCLE 4 
PIPELINED 


(READ) 


Regarding 
the details of pipelining, 
the 80376 has 


the following 
characteristics: 


1. The next address and status may appear as early 
as the bus state after NA was sampled active (see 
Figures 4.9 
or 4.10). 
In that case, state T2P is 
entered immediately. 
However, when there is not 
an internal bus request already pending, the next 
address and status will not be available 
immedi- 
ately after NA is asserted 
and T21 is entered 
in- 


stead of T2P (see Figure 4.11 Cycle 3). Provided 
the 
current 
bus 
cycle 
isn't 
yet 
acknow- 


ADS [ 


NA[ 


---+-<r 


240182-24 


Following 
any idle bus state 
(Ti), bus cycles 
are non-pipelined. 
Within 
non-pipelined 
bus cycles, 
NA is only 
sampled 


during 
wait 
states. 
Therefore, 
to begin 
pipelining 
during 
a group 
of non-pipe lined 
bus cycles 
requires 
a non-pipelined 
cycle 
with at least one wait state (Cylcle 
2 above). 


Figure 4.9. Transitioning 
to Pipelining 
during Burst of Bus Cycles 


If NA is sampled active, the 80376 is free to drive the 
ledged by READY asserted, 
T2P will be entered 


address and bus cycle definition of the next bus cy- 
as soon as the 80376 does drive the next address 
cle, and assert ADS, as soon as it has a bus request 
and status. 
External 
hardware 
should 
therefore 
internally pending. It may drive the next address as 
observe the ADS output as confirmation 
the next 
early as the next bus state, whether the current bus 
address and status are actually 
being driven on 
cycle is acknowledged 
at that time or not. 
the bus. 


2. Any aljdress 
and status which are validated 
by a 


pulse on the 80376 ADS output will remain stable 
on the address 
pins for at least two processor 


clock periods. The 80376 cannot produce a new 
address 
and status 
more frequently 
than 
every 


two 
processor 
clock 
periods 
(see 
Figures 
4.9, 


4.10 and 4.11). 


3. Only the address and bus cycle definition 
of the 


very next bus cycle is available. The pipelining ca- 
pability cannot 
look further 
than 
one bus cycle 


ahead (see Figure 4.11, Cycle 1). 


CLK2 
[ 


PROCESSOR CLK [ 


BHE,BLE, 
[ 
Al-A23, 


t.4/iO,D/e 


W/R [ 


ADS [ 


HA[ 


READY [ 


LOCK 
[ 


00-015 
[ 


CYCLE 1 
NON-PIPELINED 


(WRITE) 


CYCLE 3 
PIPELINED 


(WRITE) 


CYCLE 4 
PIPELINED 


(READ) 


CYCLE 2 
PIPELINED 


(READ) 
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Following any idle bus state (Ti) the bus cycle is always non-pipelined and NA is only sampled during wait states. To 
start, address pipelining after an idle state requires a non-pjpelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 


The complete bus state transition diagram, including 
pipelining is given by Figure 4.12. Note it is a super- 
set of the diagram for non-pipelined only, and the 
three additional bus states for pipelining are drawn 
in bold. 


The fastest bus cycle with pipelining consists of just 
two bus states, T1P and T2P (recall for non-pipe- 
lined it is T1 and T2). T1P is the first bus state of a 
pipelined cycle. 


a pipelined bus cycle T1P. From an idle state, Tj, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA is asserted and the 
first bus cycle ends in a T2P state (the address and 
status for the next bus cycle is driven during T2P). 
The fastest path from an idle state to a pipelined bus 
cycle is shown in bold below: 


idle 
non-pipelined 
states 
cycle 
pipelined 
cycle 
Initiating 
and Maintaining 
Pipellned 
Bus Cycles 


Using the state diagram Figure 4.12, observe the 
transitions from an idle state, Tj, to the beginning of 


• 
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CYCLE 1 
PIPELINED 
(WRITE) 


CYCLE 2 
PIPELINED 
(READ) 


CYCLE 3 
PIPELINED 
(WRITE) 


T2P 
T1P 
T21 
T2P 


CYCLE 4 
PIPELINED 
(READ) 


CLK2 [ 


PROCESSOR CLK [ 


BHE.BLE. [ 
Al-A23. 
Iot/Ri.D/e 


ASSERTING NA 1ot0RE 
THAN ONCE OURING 
ANY CYCLE HAS NO 
ADDITIONAL EFFECTS 


NA COULD HAVE 
BEEN ASSERTEO 
IN T1P IF DESIRED. 
ASSERTION NOW IS 
THE LATEST TlIotE 
POSSIBLE TO ALLOW 
80376 
TO ENTER T2P 
STATE TO IotAINTAIN 
PIPELINING IN CYCLE 3 


Figure 4.11. Details of Address Plpellnlng during Cycles with Walt States 


T1- T2- T2P are the states of the bus cycle that es- 
The transition to pipelined address is shown func- 
tablishes address pipelining for the next bus cycle, 
tionally by Figure 4.10, Cycle 1. Note that Cycle 1 is 


which begins with T1P. The same is true after a bus 
used to transition into pipelined address timing for 
hold state, shown below: 
the subi>equentCycles 2, 3 and 4, which are pipe- 
lined. T e NA input is asserted at the appropriate 


Th, Th' Th, 
T1-T2-T2P, 
T1P-T2P, 
time to select address pipelining for Cycles 2, 3 and 
4. 


hold aknowledge non-pipelined 
states 
cycle 
pipelined 
cycle 
Once a bus cycle is in progress and the current ad- 
dress and status has been valid for one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 


intel~ 


READY ASSERTED • 
HOLD NEGATED· 
NO REQUEST 


Bus States: 
T1-first 
clock of a non·pipelined bus cycle (80376 drives new address, status and asserts ADS). 


T2-subsequent 
clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 


T21-subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (80376 will not drive new address, status or assert ADS). 
T2P-subsequent 
clocks of a bus cycle when NA has been sampled asserted in the current bus cycle and there is an 


internal bus request pending (80376 drives new address, status and asserts ADS). 
T1P-first 
clock of a pipelined bus cycle. 


Ti-idle 
state. 


Th-hold 
acknowledge state (80376 asserts HLDA). 


Asserting NA for pipelined bus cycles gives access to three more bus states: T21,T2P and T1P. 
Using pipelining the fastest bus cycle consists of T1P and T2P. 


• 


Sampl.!!:!9 begins in T2 during Cycle 1 in Figure 4.10. 
Once NA is sampled 
active during the current 
cycle, 
the 80376 
is free to drive a new address 
and bus 
cycle 
definition 
on the bus as early as the next bus 
state. 
In Figure 4.10, Cycle 
1 for example, 
the next 


address 
and status is driven during state T2P. Thus 
Cycle 
1 makes 
the 
transition 
to 
pipelined 
timing, 
since it begins with T1 but ends with T2P. Because 
the ,address 
for Cycle 2 is available 
before 
Cycle 2 
begins, Cycle 2 is called a pipelined 
bus cycle, and it 
begins with T1 P. Cycle 2 begins as soon as READY 
asserted 
terminates 
Cycle 1. 


Examples 
of transition 
bus cycles 
are Figure 
4.10, 
Cycle 
1 and Figure 4.9, Cycle 2. Figure 4.10 shows 
transition 
during the very first cycle after an idle bus 
state, which is the fastest 
possible 
transition 
into ad- 
dress 
pipelining. 
Figure 
4.9, Cycle 
2 shows 
a tran- 


sition cycle occurring 
during a burst of bus cycles. 
In 
any case, a transition 
cycle is the same whenever 
it 
occurs: 
it consists 
at least of T1, T2 (NA is asserted 
at that time), 
and T2P (provided 
the 80376 
has an 


internal 
bus request already pending, which it almost 
always 
has). T2P states 
are repeated 
if wait states 
are added to the cycle. 


Note 
that 
only 
three 
states 
(T1, T2 and T2P) 
are 


required 
in a bus cycle performing 
a transition 
from 
non-pipelined 
into pipelined 
timing, for example 
Fig- 
ure 4.10, 
Cycle 
1. Figure 
4.10, 
Cycles 
2, 3 and 4 
show 
that 
pipelining 
can 
be maintained 
with 
two- 
state bus cycles 
consisting 
only of T1 P and T2P. 


Once a pipelined 
bus cycle is in progress, 
pipelined 
timing 
is maintained 
for the next cycle 
by asserting 
NA and detecting 
that the 80376 
enters 
T2P during 
the current 
bus cycle. 
The 
current 
bus cycle 
must 
end in state 
T2P for pipelining 
to be maintained 
in 
the next cycle. 
T2P is identified 
by the assertion 
of 
ADS. 
Figures 
4.9 
and 
4.10 
however, 
each 
show 


pipelining 
ending 
after 
Cycle 
4 
because 
Cycle 
4 


ends in T21. This indicates 
the 80376 didn't 
have an 
internal 
bus request 
prior to the acknowledgement 


of Cycle 4. If a cycle ends with a T2 or T21, the next 
cycle will not be pipelined. 


Realistically, 
pipelining 
is almost 
always 
maintained 


as long as NA is sampled 
asserted. 
This is so be- 


cause 
in the absence 
of any other 
request, 
a code 


prefetch 
request 
is always 
internally 
pending 
until 


the instruction 
decoder 
and code prefetch 
queue are 


completely 
full. 
Therefore 
pipelining 
is maintained 


for long bursts 
of bus cycles, 
if the bus is available 


(Le., HOLD 
inactive) 
and 
NA is sampled 
active 
in 


each of the bus cycles. 


In repsonse 
to an interrupt 
request 
on the INTR in- 


put when interrupts 
are enabled, 
the 80376 performs 


two interrupt 
acknowledge 
cycles. These bus cycles 


are similar 
to read cycles 
in that 
bus definition 
sig- 


nals define the type of bus activity taking 
place, and 


each cyGle continues 
until acknowledged 
by READY 


sampled 
active. 


The state 
of A2 distinguishes 
the first and second 


interrupt 
acknowledge 
cycles. 
The 
byte 
address 


driven during the first interrupt 
acknowledge 
cycle is 


4 (A23-A3' 
A1, BLE LOW, A2 and BHE HIGH). The 


byte address 
driven 
during the second 
interrupt 
ac- 


knowledge 
cycle is 0 (A23-Al' 
BLE LOW and BHE 


HIGH). 


The LOCK output 
is asserted 
from the beginning 
of 


the first interrupt 
acknowledge 
cycle until the end of 


the 
second 
interrupt 
acknowledge 
cycle. 
Four 
idle 


bus states, 
Ti: are inserted 
by the 80376 
between 


the two interrupt 
acknowledge 
cycles for compatibil- 


ity 
with 
the 
interrupt 
specification 
TRHRL of 
the 


8259A 
Interrupt 
Controller 
and the 82370 
Integrated 


Peripheral. 


PREVIOUS I 
CYCLE 


T2 
T1 


INTERRUPT 
ACKNOWLEDGE 
CYCLE 
1 


T2 
T2 


INTERRUPT 
ACKNOWLEDGE 
CYCLE 2 


T2 
T21 


BLE~A 1, A..3-A2~ 
[ 
t,j/IO, D/C, W/R 


ADS 
[ 


NA[ 


---- 
----- --~-- 


Interrupt 
Vector 
(0-255) 
is read on 00-07 
at end of second 
Interrupt 
Acknowledge 
bus cycle. 
Because 
each 
Interrupt 
Acknowledge 
bus cycle 
is followed 
by idle bus states, 
asserting 
NA has no practical 
effect. 


Choose 
the approach 
which 
is simplest 
for your system 
hardware 
design. 


During 
both 
interrupt 
acknowledge 
cycles, 
D15-DO 
float. 
No data is read at the end of the first interrupt 
acknowledge 
cycle. 
At the end of the second 
inter- 
rupt acknowledge 
cycle, 
the 80376 
will read an ex- 
ternal 
interrupt 
vector 
from 
Dy-Do 
of the data bus. 
The 
vector 
indicates 
the 
specific 
interrupt 
number 
(from 0-255) requiring 
service. 


The 80376 execution 
unit halts as a result of execut- 
ing a HLT instruction. 
Signaling 
its entrance 
into the 
halt state, 
a halt indication 
cycle 
is performed. 
The 
halt indication 
cycle 
is identified 
by the state of the 
bus definition 
signals 
and a byte address 
of 2. See 
the Bus Cycle Definition 
Signals 
section. 
The halt 
indication 
cycle 
must be acknowledged 
by READY 
asserted. 
A halted 
80376 
resumes 
execution 
when 
INTR (if interrupts 
are enabled), 
NMI or RESET 
is 
asserted. 
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PROCESSOR CLK [ 


BHE, Al, 
[ 
t.l/iO, W/R 


A2-A23 [ 
BLE, D/e 


I 


CYCLE 1 
I 
CYCLE 2 
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NON-PIPELINED 
NON-PIPELINED 
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(HALT) 
n 
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n 


ADS [ 


NA[ 


NOTE: HALT CYCLE t.lUST BE 
ACKNOW LEDGED BY READY 
ASSERTED. WAIT STATES t.lAY 
BE ADDED TO THE CYCLE IF" 
DESIRED. 
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80376 
REt.lAINS HALTED 


UNTIL INTR, Nt.ll OR 
RESET IS ASSERTED. 
I 
I 
80376 
RESPONDS TO 


HOLD INPUT WHILE IN 
THE HALT STATE. 


• - ~F"LOATINGr 
- - - 
- - -- 


ENTERING 
AND EXITING 
HOLD 
ACKNOWLEDGE 


The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig- 
naling its entrance into the shutdown state, a shut- 
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in Bus 
Cycle 
Definition 


Signals and a byte address of O. The shutdown indi- 
cation cycle must be acknowledged by READY as- 
serted. A shutdown 80376 resumes execution when 
NMI or RESET is asserted. 


The bus hold acknowledge state, Th, is entered in 
reSpOnSE!to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac- 
knowledge state, all inputs except HOLD and RE· 
SET are ignored. 
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PIPELINED 
(READ) 


Tl P 
T2P 


CYCLE 2 
PIPELINED 
(SHUTDOWN) 


TlP 
T21 


I 
IDLE 


TI 


80376 
PROCESSOR RElotAINS 


SHUTDOWN 
UNTIL Nlotl OR 


RESET IS ASSERTED. 
I 
I 
80376 
RESPONDS TO 
HOLD INPUT WHILE IN 
THE SHUTDOWN 
STATE. 


BHE [ 


lot/iO, 
W/R 


BLE, Al-A23.! 
[ 
D/C 


ADS [ 


HA[ 


NOTE: SHUTDOWN 
CYCLE lotUST BE 
ACKNOWLEDGED 
BY READY 
ASSERTED. WAIT STATES lotAY 
BE ADDED TO THE CYCLE IF 
DESIRED. 


- -(FLOATING)' 
- - - - 
I 
I 


FIgure 4.15. Example Shutdown IndIcation Cycle from Non-Plpelined Cycle 


Th may be entered from a bus idle state as in Figure 
state will be T1 if a bus request is internally pending, 
4.16 or after the aCknO[(;crgement of the current 
as in Figures 4.17 and 4.18. This exited in response 
physical bus cycle if the 
K signal is not asserted, 
to RESET being asserted. 
as in Figures 4.17 and 4.18. 


This 
exited in response to the HOLD input being 


negated. The following state will be Tj as in Figure 
4.16 if no bus request is pending. The following bus 


If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when This exit- 
ed unless the 80376 is reset before This exited. 


BHE, BLE 
Al-A~3, t.l(iO [ 
D/C, W/R 


ADS [ 


NA[ 


I---- 
HOLD 
---1 
I 
_ 
ACKNOWLEDGE~. 
I 


Tn 
Tn 
Tn 


(FLOATING)_••• 


I 
'••• 
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(FLOATING)-- •• 


- - - - 
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I 
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NOTE: 
For maximum desi~lexibility 
the 80376 has no internal pull-up resistors on its outputs. Your design may require an 
external pullup on Al)S and other 80376 outputs to keep them negated during float periods. 


RESET being asserted 
takes priority over HOLD be- 
ing asserted. 
If RESET 
is asserted 
while 
HOLD re- 
mains asserted, 
the 80376 drives its pins to defined 
states 
during reset, as in Table 
4.5, Pin State 
Dur- 
ing 
Reset, 
and 
performs 
internal 
reset 
activity 
as 
usual. 


If HOLD remains 
asserted 
when 
RESET is inactive, 
the 80376 enters the hold acknowledge 
state before 
performing 
its first bus cycle, 
provided 
HOLD is still 
asserted 
when 
the 
80376 
processor 
would 
other- 
wise perform 
its first bus cycle. 
If HOLD remains 
as- 
serted 
when 
RESET 
is inactive, 
the BUSY 
input is 
still sampled 
as usual to determine 
whether 
a self 
test is being requested. 


FLOAT 


Activating 
the FLT input floats all 80376 bidirectional 
and output 
signals, 
including 
HLDA. 
Asserting 
FLT 
isolates 
the 80376 from the surrounding 
circuitry. 


When an 80376 
in a PQFP surface-mount 
package 
is used without 
a socket, 
it cannot 
be removed 
from 
the printBd 
circuit 
board. 
The 
FLT input allows 
the 
80376 
to be electrically 
isolated 
to allow 
testing 
of 


external 
circuitry. 
This technique 
is known 
as ONCE 
for "ON-Circuit 
Emulation". 


FLT is an asynchronous, 
active-low 
input. It is recog- 
nized on the rising edge of CLK2. When recognized, 
it aborts the current 
bus cycle and floats the outputs 
of the 80376 (Figure 4.20). FLT must be held low for 
a minimum 
of 16 CLK2 cycles. 
Reset should 
be as- 


serted ard 
held asserted 
until after FLT is deassert- 


ed. This will ensure that the 80376 will exit float in a 
valid state. 


Asserting 
the 
FLT input 
unconditionally 
aborts 
the 
current 
bus 
cycle 
and 
forces 
the 
80376 
into 
the 
FLOAT 
mode. 
Since 
activating 
FLT unconditionally 
forces the 80376 into FLOAT mode, the 80376 is not 


CYCLE 1 
NON-PIPELINED 
(READ) 


HLDA [ 


BHE, B~E, A~-A2~, 
[ 
M/IO,D/C,W/R 


ADS [ 


NA[ 


HOLD 
CYCLE2 
ACKNOWLEDGE 
NON-PIPELINED 
(WRITE) 


NOTE: 
HOLD 
is a synchronous 
input 
and can be asserted 
at any CLK2 
edge, 
provided 
setup 
and hold 
(t23 and t24) require- 


ments 
are met. This waveform 
is useful 
for determining 
Hold Acknowledge 
latency. 


guaranteed 
to enter 
FLOAT 
in a valid 
state. 
After 
deactivating 
FLT, the 80376 is not 
guaranteed 
to 


exit FLOAT mode in a valid state. This is not a prob- 
lem as the FLT pin is meant to be used only during 
ONCE. 
After 
exiting 
FLOAT, 
the 80376 must be re- 


set to return it to a valid state. 
Reset should 
be as- 


serted 
before 
FLT is deasserted. 
This 
will 
ensure 


that the 80376 will exit float in a valid state. 


FLT has an internal 
pull-up 
resistor, 
and if it is not 


used it should 
be unconnected. 


BUS ACTIVITY 
DURING 
AND FOllOWING 
RESET 


RESET is the highest 
priority input signal, capable 
of 


interrupting 
any processor 
activity 
when it is assert- 


ed. A b s cycle 
in progress 
can be aborted 
at any 


stage, or idle states or bus hold acknowledge 
states 


discontinued 
so that the reset state is established. 


RESET should remain asserted 
for at least 15 CLK2 


periods 
to ensure 
it is recognized 
throughout 
the 


80376, and at least 80 CLK2 periods 
if a 80376 self- 


test is going to be requested 
at the falling edge. RE- 


SET asserted 
pulses less than 15 CLK2 periods 
may 


not be recognized. 
RESET pulses less than 80 CLK2 


periods 
followed 
by a self-test 
may cause 
the self- 


test to report a failure when no true failure 
exists. 


Provided 
the RESET 
falling 
edge 
meets 
setup 
and 


hold times t25 and t26, the internal 
processor 
clock 


phase is defined 
at that time as illustrated 
by Figure 


4.19 and Figure 6.7. 


CYCLE 
1 
PIPELINED 
(WRITE) 


11 P 
T21 
T21 


CYCLE 
2 
NON-PIPELINED 
(READ) 


11 
T2 


BHE. 
B~. 
A1_-A2~. 
[ 
VALID 
1 
t.4/10. D/C. W/R 


ADS [ 


ru;[ 


NOTE: 
HOLD 
is a synchronous 
input 
and can be asserted 
at any CLK2 
edge, 
provided 
setup 
and 
hold 
(t23 and t24) require- 


ments 
are met. This waveform 
is useful for determining 
Hold Acknowledge 
latency. 


Figure 4.18. Requesting Hold from Idlll! Bus (NA Active) 


An 80376 self-test may be requested at the time RE- 
problem. the 80376 attempts to proceed with the 


SET goes inactive by having the BUSY input at a 
reset sequence afterwards. 


LOW level as shown in Figure 4.19. The self-test 
requires (220 + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 


After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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RESET 
:? 15 
CLK2 
DURATION 
IF 
NOT GOING TO REQUEST 
SELF-TEST. 


ADS 
[ 


NA[ 


NON-PIPELINED 
(READ) 


T1 
T2 


NO SELF-TEST 


(NOTE 
1) 


LOW TO BEGIN 
SELF-TEST(NOTE 
2) 


ERROR 
[ 


BHE. 
BLE. 
W/il.t.4/iO. 
[ 
HLDA 


Al-A23. 
[ 
ole. LOCK 


NOTES: 
1. BDSi' should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested. the 80376 outputs remain in their reset state as shown here. 


Upon completion of self-test (if self-test was re- 
quested by driving BUSY LOW at the falling edge of 
RESET) the EAX register will contain a signature of 
OOOOOOOOH 
indicating the 80376 passed its self-test 


of microcode and major PLA contents with no prob- 
lems detected. 
The 
passing signature in 
EAX, 
OOOOOOOOH, 
applies to all 80376 revision levels. Any 


non-zero signature indicates the 80376 unit is faulty. 


4.6 
Component 
and Revision 


Identifiers 


To assist 80376 users, the 80376 after reset holds a 
component identifier and revision identifier in its OX 
register. The upper 8 bits of OX hold 33H as identifi- 
cation of the 80376 component. (The lower nibble, 
03H, refers to the Intel386™ architecture. The up- 
per nibble, 30H, refers to the third member of the 
Intel386 family). The lower 8 bits of OX hold an 
8-bit unsigned binary number related to the compo- 
nent revision level. The revision identifier will, in gen- 
eral, chronologically track those component step- 
pings which are intended to have certain improve- 
ments or distinction from previous steppings. The 
80376 revision identifier will track that of the 80386 
where possible. 


The revision identifier is intended to assist 80376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to change with ev- 
ery stepping revision, or to follow a completely uni- 
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re- 
quired to be changed. Intel has sole discretion over 
these characteristics of the component. 


Table 4.7. Component 
and 
Revision 
Identifier 
History 


80376 Stepping 
Name 
Revision 
Identifier 


AO 
05H 


B 
08H 


4.7 Coprocessor 
Interfacing 


The 80376 provides an automatic interface for the 
Intel 80387SX numeric floating-point coprocessor. 
The 80387SX coprocessor uses an I/O mapped in- 
terface driven automatically by the 80376 and as- 
sisted by three dedicated signals: BUSY, ERROR 
and PEREQ. 


As the 00376 begins supporting a coprocessor in- 
struction, it tests the BUSY and ERROR signals to 
determine if the coprocessor can accept its next in- 
struction. Thus, the BUSY and ERROR inputs elimi- 
nate thEl need for any "preamble" bus cycles for 
communication between processor and coproces- 
sor. ThE!80387SX can be given its command 01'- 
code immediately. The dedicated signals provide 
instruction synchronization, and eliminate the need 
of using the 80376 WAIT opcode (9BH) for 80387SX 
instruction synchronization (the WAIT opcode was 
required when the 8086 or 8088 was used with the 
8087 coprocessor). 


Custom coprocessors can be included in 80376 
based systems by memory-mapped or I/O-mapped 
interfacEls. Such coprocessor 
interfaces allow a 


complet'9ly custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". 
Instead, 


memory·mapped or I/O-mapped interfaces may use 
all applil:able 80376 instructions for high-speed co- 
processor communication. The BUSY and ERROR 
inputs 01' the 80376 may also be used for the custom 
coprocessor interface, if such hardware assist is de- 
sired. T ese signals can be tested by the 80376 
WAIT opcode (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an 
NMI or enabled INTR input), but generates an ex- 
ception 16 fault if the ERROR pin is active when the 
BUSY goes (or is) inactive. If the custom coproces- 
sor inteliace is memory-mapped, protection of the 
address9s used for the interface can be provided 
with the segmentation mechanism of the 80376. If 
the custom interface is I/O-mapped, protection of 
the interiace can be provided with the 80376 10PL 
(I/O Privilege Level) mechanism. 


The 80387SX numeric coprocessor interface is I/O 
mapped as shown in Table 4.8. Note that the 
80387SX coprocessor interface addresses are be- 
yond the OH-OFFFFHrange for programmed I/O. 
When the 80376 supports the 80387SX coproces- 
sor, the 80376 automatically generates bus cycles to 
the coprocessor interface addresses. 


Addr,~ss in 80376 
80387SX 


110 Space 
Coprocessor 
Register 


8000F8H 
Opcode Register 


8000FCH 
Operand Register 
8000FEH 
Operand Register 


SOFTWARE 
TESTING 
FOR COPROCESSOR 


PRESENCE 


When 
software 
is 
used 
to 
test 
coprocessor 


(80387SX) 
presence, 
it should use only the following 


coprocessor 
opcodes: 
FNINIT, 
FNSTCW 
and 


FNSTSW. 
To use other coprocessor 
opcodes 
when 


a coprocessor 
is known 
to be not present, 
first set 


EM = 1 in the 80376 
CRO register. 


5.0 PACKAGE THERMAL 
SPECIFICATIONS 


The 
Intel 
80376 
embedded 
processor 
is specified 


for operation 
when 
case 
temperature 
is within 
the 


range 
of 
0·C-115·C 
for 
both 
the 
ceramic 
88-pin 


PGA package 
and the plastic 
100-pin 
PQFP pack- 


age. The case temperature 
may be measured 
in any 


environment, 
to 
determine 
whether 
the 
80376 
is 


within specified 
operating 
range. The case tempera- 


ture 
should 
be measured 
at the 
center 
of the top 


surface. 


The ambient 
temperature 
is guaranteed 
as long as 


Te is not violated. 
The ambient 
temperature 
can be 


calculated 
from 
the 
Bje and 
Bja from 
the following 


equations: 


TJ = Tc + POOjc 


TA = Tj 
- 
POOja 


T~ = Ta + POIOia 
- 
Oje! 


Values 
for Bja and Bje are given in Table 5.1 for the 


100-lead 
fine pitch. 
Bja is given at various 
airflows. 
Table 5.2 shows the maximum 
Ta allowable 
(without 


exceeding 
Tcl at various 
airflows. 
Note that Ta can 


be improved 
further 
by attaching 
"fins" 
or a "heat 


sink" 
to the package. 
P is calculated 
using the maxi- 


mum cold Ice of 305 mA and the maximum 
Vcc 
of 


5.5V for both packages. 


Table 
5.1. 80376 Package 
Thermal 
Characteristics 
Thermal 
Resistances 


("C/Watt) 
BJcand Bja 


818Versus Alrflow-ft/mln 
(m/sec) 


Package 
8jc 
0 
200 
400 
600 
800 
1000 


(0) 
(1.01) (2.03) (3.04) (4.06) (5.07) 


100-Lead 
7.5 34.5 
29.5 
25.5 
22.5 
21.5 
21.0 


Fine Pitch 


aa-Pin 
2.5 29.0 
22.5 
17.0 
14.5 
12.5 
12.0 


PGA 


Table 
5.2. 80376 
Maximum 
Allowable 
Ambient 


Temperature 
at Various 
Airflows 


TA("C) vs Airflow-ft/mln 
(m/sec) 


Package 
BJc 0 
200 
400 
600 
800 
1000 


(0) (1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


100-Lead 
7.5 70 
78 
85 
90 
92 
93 


Fine Pitch 


88-Pin 
2.5 70 
81 
90 
95 
98 
99 


PGA 


The following 
sections 
describe 
recommended 
elec- 


trical 
connections 
for the 
80376, 
and 
its electrical 


specifications. 


6.1 Power and Grounding 


The 80376 is implemented 
in CHMOS 
IV technology 


and has modest 
power 
requirements. 
However, 
its 


high clock frequency 
and 47 output buffers (address, 


data, control, 
and HLDA) 
can cause 
power 
surges 


as multiple 
output 
buffers 
drive 
new 
signal 
levels 


simultaneously. 
For clean on-chip 
power distribution 


at high fmquency, 
14 Vcc and 18 Vss pins separate- 


ly feed functional 
units of the 80376. 


Power and ground connections 
must be made to all 


external 
Vcc 
and GND 
pins of the 80376. 
On the 


circuit board, all Vcc 
pins should be connected 
on a 


Vcc 
plane and all Vss pins should be connected 
on 


a GND pane. 


Liberal decoupling 
capacitors 
should be placed 
near 


the 80376. 
The 80376 
driving its 24-bit address 
bus 


and 16-bit data bus at high frequencies 
can cause 


transient 
power 
surges, 
particularly 
when 
driving 


large 
capacitive 
loads. 
Low 
inductance 
capacitors 


and interconnects 
are recommended 
for best 
high 


frequency 
electrical 
performance. 
Inductance 
can 


be reduced 
by shortening 
circuit 
board 
traces 
be- 


tween 
the 
80376 
and 
decoupling 
capacitors 
as 


much as possible. 


RESISTOR 
RECOMMENDATIONS 


The 
ERROR, 
FLT and 
BUSY 
inputs 
have 
internal 


pull-up 
resistors 
of approximately 
20 
Kfi 
and 
the 


PEREQ 
input 
has an internal 
pull-down 
resistor 
of 


approximately 
20 Kfi 
built 
into the 80376 
to keep 


these 
signals 
inactive 
when 
the 
80387SX 
is 
not 


present 
n the system 
(or temporarily 
removed 
from 
its socket). 


• 


In 
typical 
designs, 
the 
external 
pull-up 
resistors 
shown 
in Table 
6.1 are recommended. 
However, 
a 


particular 
design 
may have reason 
to adjust the re- 
sistor values 
recommended 
here, or alter the use of 


pull-up 
resistors 
in other ways. 


Table 
6.1. Recommended 
Resistor 
Pull-Ups 
to Vcc 


Pin 
Signal 
Pull-Up 
Value 
Purpose 


16 
ADS 
20 KO ± 10% 
Lightly Pull ADS 
Inactive during 80376 
Hold Acknowledge 
States 


26 
LOCK 
20KO 
± 10% 
Lightly Pull LOCK 
Inactive during 80376 
Hold Acknowledge 
States 


For reliable 
operation, 
always 
connect 
unused 
in- 
puts to an appropriate 
signal level. N/C 
pins should 
always 
remain 
unconnected. 
Connection 
of 
N/C 
pins 
to 
Vcc 
or Vss 
will 
result 
in incompatibility 
with 
future 
step pings 
of the 80376. 


Particularly 
when not using interrupts 
or bus hold (as 
when first prototyping), 
prevent 
any chance 
of spuri- 
ous activity by connecting 
these associated 
inputs to 
GND: 


-INTR 
-NMI 
-HOLD 


If not u~,ing address 
pipelining 
connect 
the NA pin to 


a pull-up 
resistor 
in the range of 20 KO to Vcc. 


6.2 Absolute Maximum Ratings 


Table 
6.2. Maximum 
Ratings 


Parameter 
Maximum 
Rating 


Storage Temperature 
- 65°C to + 150°C 


Case Temperature 
- 65°C to + 120°C 


under Bias 


Supply Voltage with 
- 0.5V to + 6.5V 
Respect 
to Vss 


Voltage on Other Pins 
-0.5V 
to (VCC + 0.5)V 


Table El.2 gives a stress 
ratings only, and functional 


operation 
at the maximums 
is not guaranteed. 
Func- 


tional operating 
conditions 
are given in Section 
6.3, 


D.C. SI)eciflcations, 
and Section 
6.4, A.C. Speclfl- 


catiOni3. 


Extended 
exposure 
to the Maximum 
Ratings may af- 


fect 
dl3vice 
reliability. 
Furthermore, 
although 
the 


80376 
contains 
protective 
circuitry 
to resist damage 


from 
static 
electric 
discharge, 
always 
take 
precau- 


tions to avoid high static voltages 
or electric 
fields. 
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ADVANCE 
INFORMATION 
SUBJECT 
TO CHANGE 


Table 
6.3: 80376 D.C. Characteristics 
Functional 
Operating 
Range: Vee = 5V ± 10%; TeASE = O°C to 115°C for 88-pin PGA or 100-pin 
paFP 


Symbol 
Parameter 
Min 
Max 
Unit 


VIL 
Input LOW Voltage 
-0.3 
+0.8 
V(1) 


VIH 
Input HIGH Voltage 
2.0 
Vee +0.3 
V(1) 


VILe 
CLK2 Input LOW Voltage 
-0.3 
+0.8 
V(1) 


VIHe 
CLK2 Input HIGH Voltage 
Vee - 
0.8 
Vee + 0.3 
V(1) 


VOL 
Output 
LOW Voltage 


IOL = 4 mA: 
A23-A1,01S-00 
0.45 
V(1) 


IOL = 5mA: 
BHE, BLE, WIR, 
0.45 
V(1) 
DIG, MilO, LOCK, 
AOS,HLOA 


VOH 
Output High Voltage 


IOH = -1 
mA: 
A23-A1,01S-00 
2.4 
V(1) 


IOH = -0.2 
mA: 
Vee - 
0.5 
V(1) 


A23-A1,01S-00 


IOH = - 0.9 mA: 
BHE, BLE, WIR, 
2.4 
V(1) 
DIG, MilO, LOCK, 
AOS,HLOA 


IOH = -0.18 
mA: 
BHE, BLE. W IR, 
Vee - 
0.5 
V(1) 
DIG, MilO, LOCK 
ADS, HLOA 


III 
Input Leakage Current 
±15 
p.A, OV ~ VIN ~ Ved1) 
(For All Pins except 
PEREa, 
BUSY, FLT and ERROR) 


IIH 
Input Leakage Current 
200 
p.A, VIH = 2.4V(1. 2) 


(PEREa 
Pin) 


IlL 
Input Leakage Current 
-400 
p.A, VIL = 0.45V(3) 


(BUSY and ERROR Pins) 


ILO 
Output 
Leakage Current 
±15 
p.A, 0.45V ~ VOUT ~ Ved1) 


Ice 
Supply Current 
CLK2 = 32 MHz 
275 
mA, Ice typ = 175 mA(4) 
CLK2 = 40 MHz 
305 
mA, Ice typ = 200 mA(4) 


CIN 
Input Capacitance 
10 
pF. Fe = 1 MHz(S) 


COUT 
Output or 1/0 Capacitance 
12 
pF, Fe = 1 MHz(S) 


CeLK 
CLK2 Capacitance 
20 
pF, Fe = 1 MHz(S) 


NOTES: 
1. Tested at the minimum operating frequency of the device. 
2. PEREOJr1Iluthas an internal pull-down resistor. 
3. BUSY,ill and ERROR inputs each have an internal pull-up resistor. 
4. lee max measurement at worse case load. Vec and temperature (O·C). 
S. Not 100% tested. 


The AC. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela- 
tive to the CLK2 rising edge crossing the 2.0V level. 


AC. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi- 
cated by Figure 6.1 when AC. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times ar~ hold times pro- 
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 


CLK2[ 


OUTPUTS 


(A1-A23,BfI.E,BL~, 
[ 
ADS,t.4/IO,D/C, 


W/R,LOCK,HLDA) 


OUTPUTS [ 
(OD-D15) 


INPUTS [ 


(NA,INTR,Nt.4I) 


INPUTS 


(READY,HOLD, [ 
ERROR,BUSY, 
PEREO,DD-D15) 


LEGEND: 
A-Maximum 
Output Delay Spec. 


S-Minimum 
Output Delay Spec. 


C-Minimum 
Input Setup Spec. 
D-Minimum 
Input Hold Spec. 


smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 


Outputs NA, W/R, DIG, MilO, 
LOCK, BHE, BLE, 


A23-A1 and HLOA only change at the beginning of 
phase one. 015-00 (write cycles) only change at the 
beginnir~gof phase two. The READY, HOLD, BUSY, 
ERROFi, PEREO and 015-00 
(read cycles) inputs 


are sampled at the beginning of phase one. The NA, 
INTR and NMI inputs are sampled at the beginning 
of phase two. 


~ 


1.~ 


6.4 A.C. Specifications 


Table 
6.4. 80376 A.C. Characteristics 
at 16 MHz 
Functional 
Operating 
Range: Vee = 5V ± 10%; TeASE = O°C to 115°C for 88-pin PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Operating 
Frequency 
4 
16 
MHz 
Half CLK2 Freq 


t1 
CLK2 Period 
31 
125 
ns 
6.3 


t2a 
CLK2 HIGH Time 
9 
ns 
6.3 
At 2(3) 


t2b 
CLK2 HIGH Time 
5 
ns 
6.3 
At (Vee - 
0.8)V(3) 


t3a 
CLK2 LOW Time 
9 
ns 
6.3 
At 2V(3) 


t3b 
CLK2 LOW Time 
7 
ns 
6.3 
At 0.8V(3) 


~ 
CLK2 Fall Time 
8 
ns 
6.3 
(Vee-0.8)V 
to 0.8V(3) 


t5 
CLK2 Rise Time 
8 
ns 
6.3 
0.8V to (Vee-0.8)(3) 


t6 
A23-A1 
Valid Delay 
4 
36 
ns 
6.5 
CL = 120 pF(4) 


t7 
A23-A1 
Float Delay 
4 
40 
ns 
6.6 
(1) 


ta 
SHE, SLE, LOCK 
4 
36 
ns 
6.5 
CL = 75 pF(4) 


Valid Delay 


t9 
SHE, SLE, LOCK 
4 
40 
ns 
6.6 
(1) 


Float Delay 


tlO 
WIR, 
MilO, 
D/C, 
6 
33 
ns 
6.5 
CL = 75 pF(4) 


ADS Valid Delay 


t11 
WIR, 
MilO, 
D/C, 
6 
35 
ns 
6.6 
(1) 


ADS Float Delay 


t12 
015-00 
Write Data 
4 
40 
ns 
6.5 
CL = 120 pF(4) 


Valid Delay 


t13 
015-00 
Write Data 
4 
35 
ns 
6.6 
(1) 


Float Delay 


t14 
HLDA Valid Delay 
4 
33 
ns 
6.6 
CL = 75 pF(4) 


t15 
NA Setup Time 
5 
ns 
6.4 


t16 
NAHoldTime 
21 
ns 
6.6 


t19 
READY Setup Time 
19 
ns 
6.4 


t20 
READY Hold Time 
4 
ns 
6.4 


t21 
Setup Time 015-00 
Read Data 
9 
ns 
6.4 


t22 
Hold Time 015-00 
Read Data 
6 
ns 
6.4 


t23 
HOLD Setup Time 
26 
ns 
6.4 


t24 
HOLD Hold Time 
5 
ns 
6.4 


t25 
RESET Setup Time 
13 
ns 
6.7 


t26 
RESET Hold Time 
4 
ns 
6.7 


• 
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Table 
6.4. 80376 A.C. Characteristics 
at 16 MHz 
(Continued) 
Functional 
Operating 
Range: Vcc = 5V ± 10%; TCASE = O°C to 115°C for 88-pin 
PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t27 
NMI, INTR Setup Time 
16 
ns 
6.4 
(2) 


t28 
·NMI, INTR Hold Time 
16 
ns 
6.4 
(2) 


t29 
PEREQ, ERROR, BUSY, FLT 
16 
ns 
6.4 
(2) 


Setup Time 


t30 
PEREQ, ERROR, 
BUSY, FLT 
5 
ns 
6.4 
(2) 


Hold Time 


NOTES: 
1. Float condition occurs when maximum output current becomes less "than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support thE!indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t18 timing specifications. 


Table 
6.5. 80376 A.C. Characteristics 
at 20 MHz 
Functional 
Operating 
Range: Vec = 5V ± 10%; TeASE = O°C to 115°C for 88-pin 
PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Operating 
Frequency 
4 
20 
MH'Z 
Half CLK2 Frequency 


tl 
CLK2 Period 
25 
125 
ns 
6.3 


t2a 
CLK2 HIGH Time 
8 
ns 
6.3 
At 2V(3) 


t2b 
CLK2 HIGH Time 
5 
ns 
6.3 
At (Vcc 
- 
0.8)V(3) 


t3a 
CLK2 LOW Time 
8 
ns 
6.3 
At 2V(3) 


t3b 
CLK2 LOW Time 
6 
ns 
6.3 
At 0.8V(3) 


t4 
CLK2 Fall Time 
8 
ns 
6.3 
(Vce-0.8V) 
to 0.8V(3) 


t5 
CLK2 Rise Time 
8 
ns 
6.3 
0.8V to (Vee-0.8)(3) 


t6 
A23-Al 
Valid Delay 
4 
30 
ns 
6.5 
CL = 120 pF(4) 


t7 
A23-Al 
Float Delay 
4 
ns 
6.6 
(1) 


t8 
BHE, BLE, LOCK 
4 
30 
ns 
6.5 
CL = 75 pF(4) 
Valid Delay 


t9 
BHE, BLE, LOCK 
4 
32 
ns 
6.6 
(1) 


Float Delay 


t10a 
M/IO,D/C 
6 
28 
ns 
6.5 
CL = 75 pF(4) 
Valid Delay 


t10b 
WIR, 
ADS 
6 
26 
ns 
6.5 
CL = 75 pF(4) 
Valid Delay 


t11 
WIR, 
MilO, D/C, 
6 
30 
ns 
6.6 
(1) 


ADS Float Delay 


t12 
015-00 
Write Data 
4 
38 
ns 
6.5 
CL = 120 pF 
Valid Delay 


t13 
015-00 
Write Data 
4 
27 
ns 
6.6 
(1) 


Float Delay 


Table 6.5. 80376 A.C. Characteristics 
at 20 MHz 
(Continued) 
Functional 
Operating 
Range: Vcc = 5V ±10%; 
TCASE = O°C to 115°C for 88-pin 
PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t14 
HLDA Valid Delay 
4 
28 
ns 
6.5 
Cl = 75 pF(4) 


t15 
NA Setup Time 
5 
ns 
6.4 


t16 
NAHoldTime 
12 
ns 
6.4 


t19 
READY Setup Time 
12 
ns 
6.4 


t20 
READY Hold Time 
4 
ns 
6.4 


t21 
015-00 
Read Data Setup Time 
9 
ns 
6.4 


t22 
015-00 
Read Data Hold Time 
6 
ns 
6.4 


t23 
HOLD Setup Time 
17 
ns 
6.4 


t24 
HOLD Hold Time 
5 
ns 
6.4 


t25 
RESET Setup Time 
12 
ns 
6.7 


t26 
RESET Hold Time 
4 
ns 
6.7 


t27 
NMI, INTR Setup Time 
16 
ns 
6.4 
(2) 


t28 
NMI, INTR Hold Time 
16 
ns 
6.4 
(2) 


t29 
PEREQ, ERROR, 
BUSY, FLT 
14 
ns 
6.4 
(2) 


Setup Time 


t30 
PEREQ, ERROR, 
BUSY, FLT 
5 
ns 
6.4 
(2) 


Hold Time 


NOTES: 
1. Float condition occurs when maximum output current becomes less than 'LO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to ClK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific ClK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t18 timing specifications. 
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Figure 6.8. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 
Temperature (CL = 120 pF) 


Figure 6.9. Typical Output Valid Delay versus 
Loae!Capacitance at Maximum Operating 
Temperature (CL = 75 pF) 
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Figure 6.10. Typical Output Rise 
Time versus Load Capacitance at 
Maximum Operating Tempel'ature 
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6.5 Designing for the ICETM-376 
Emulator 


The 376 embedded processor in-circuit emulator 
product is the ICE-376 emulator. Use of the emula- 
tor requires the target system to provide a socket 
that is compatible with the ICE-376 emulator. The 
a0376 offers two different probes for emulating user 
systems: an aa-pin PGA probe and a 100-pin fine 
pitch flat-pack probe. The 100-pin fine pitch f1at- 
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3-M Textool (part 
number 2-0100-07243-000). The ICE-376 emulator 
probe attaches to the target system via an adapter 
which replaces the a0376 component in the target 
system. Because of the high operating frequency of 
a0376 systems and of the ICE-376 emulator, there is 
no buffering between the a0376 emulation proces- 
sor in the ICE-376 emulator probe and the target 
system. A direct result of the non-buffered intercon- 
nect is that the ICE-376 emulator shares the ad- 
dress and data bus with the user's system, and the 
RESET signal is intercepted by the ICE emulator 
hardware. In order for the ICE-376 emulator to be 
functional in the user's system without the Optional 
Isolation Board (OIB) the designer must be aware of 
the following conditions: 
1. The bus controller must only enable data trans- 


ceivers onto the data bus during valid read cycles 
of the a0376, other local devices or other bus 
masters. 
2. Before another bus master drives the local proc- 
essor address bus, the other master must gain 
control of the address bus by asserting HOLD and 
receiving the HLDA response. 


o 


3. The emulation processor receives the RESET sig- 


nal 2 or 4 CLK2 cycles later than an a0376 would, 
and responds to RESET later. Correct phase of 
the response is guaranteed. 


In addition to the above considerations, the ICE-376 
emulator processor module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the a0376 sys- 
tem. 


Capacitive Loading: ICE-376 adds up to 27 pF to 
each a0376 signal. 


Drive Requirements: 
ICE-376 adds one FAST TIL 


load on the CLK2, control, address, and data lines. 
These loads are within the processor module and 
are driven by the a0376 emulation processor, which 
has standard drive and loading capability listed in 
Tables 6.3 and 6.4. 


Power 
l:requlrements: 
For noise immunity and 


CMOS latch-up protection the ICE-376 emulator 
processor module is powered by the user system. 
The circuitry on the processor module draws up to 
1.4A including the maximum a0376 Ice from the 
user a0376 socket. 


80376 Location and Orientation: The ICE-376 em- 
ulator processor module may require lateral clear- 
ance. Fi ure 6.12 shows the clearance requirements 
of the iMP adapter and Figure 6.13 shows the clear- 
ance requirements of the aa-pin PGA adapter. The 
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optional 
isolation 
board 
(018), which 
provides 
extra 
electrical 
buffering 
and has the same 
lateral 
clear- 
ance 
requirements 
as Figures 
6.12 and 6.13, adds 
an additional 
0.5 inches to the vertical 
clearance 
re- 
quirement. 
This is illustrated 
in Figure 6.14. 


Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered 
probe 
de- 
sign, the 
ICE-376 
emulator 
is susceptible 
to errors 


on the user's bus. The 018 allows the ICE-376 emu- 
lator to function 
in user systems 
with faults (shorted 
signals, 
etc.). 
After 
electrical 
verification 
the 
018 
may be removed. 
When the 018 is installed, 
the user 


system must have a maximum 
CLK2 frequency 
of 20 
MHz. 


1-' -------------22.0" 
6Q 


,I5JI, 
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7.0 
DIFFERENCES 
BETWEEN 
THE 
80376 AND THE 80386 


The following 
are the major differences 
between 
the 
80376 
and the 80386. 


1. The 
80376 
generates 
byte selects 
on BHE and 
BLE (like the 8086 
and 80286 
microprocessors) 
to distinguish 
the 
upper 
and 
lower 
bytes 
on its 
16-bit data bus. The 80386 uses four-byte 
selects, 


BEO-BE3, 
to 
distinguish 
between 
the 
different 
bytes on its 32-bit bus. 


2. The 80376 
has no bus sizing option. 
The 80386 
can select 
between 
either a 32-bit bus or a 16-bit 
bus by use of the BS16 input. The 80376 
has a 
16-bit bus size. 


3. The NA pin operation 
in the 80376 
is identical 
to 
that of the NA pin on the 80386 with one excep- 
tion: the NA pin of the 80386 cannot 
be activated 
on 16-bit bus cycles 
(where 
BS16 is LOW in the 
80386 
case), 
whereas 
NA can 
be activated 
on 
any 80376 
bus cycle. 


4. The contents 
of all 80376 
registers 
at reset 
are 
identical 
to the contents 
of the 80386 registers 
at 
reset, 
except 
the 
DX register. 
The 
DX register 
contains 
a component-stepping 
identifier 
at reset, 
Le. 


in 80386, after reset 
DH = 03H indicates 
80386 
DL = revision number; 


in 80376, after reset 
DH = 33H indicates 
80376 
DL = revision number. 


5. The 80386 
uses A31 and MilO 
as a select for 
numerics 
coprocessor. 
The 
80376 
uses 
the 
A23 and MilO 
to select its numerics 
coproces- 
sor. 


6. The 80386 
prefetch 
unit fetches 
code in four- 
byte units. The 80376 
prefetch 
unit reads two 
bytes as one unit (like the 80286 microproces- 
sor). In BS16 mode, the 80386 takes two con- 
secutive 
bus cycles to complete 
a prefetch 
re- 
quest. 
If there 
is a data read or write 
request 
after the prefetch 
starts, 
the 80386 
will fetch 
all four 
bytes 
before 
addressing 
the 
new 
re- 
quest. 


7. The 80376 
has no paging 
mechanism. 


8. The 80376 
starts 
executing 
code 
in what 
corre- 


sponds 
to the 80386 
protected 
mode. The 80386 


starts execution 
in real mode, which 
is then used 


to enter protected 
mode. 


9. The 80386 
has a virtual-86 
mode that allows 
the 


execution 
of a real mode 8086 program 
as a task 


in protected 
mode. 
The 80376 
has no virtual-86 


mode. 


10. The 80386 
maps a 48-bit 
logical 
address 
into a 


32-bit 
physical 
address 
by 
segmentation 
and 


paging. 
The 
80376 
maps 
its 48-bit 
logical 
ad- 


dress into a 24-bit physical 
address 
by segmen- 


tation only. 


11. The 80376 
uses the 80387SX 
numerics 
coproc- 


essor 
for 
floating 
point 
operations, 
while 
the 


80386 
uses the 80387 
coprocessor. 


12. The 
80386 
can execute 
from 
16-bit 
code 
seg- 


ments. The 80376 can only execute 
from 32-bit 


code Segments. 
3 


13. The 80376 has an input called 
FLT which three- 


states all bidirectional 
and output 
pins, including 


HLDA, when asserted. 
It is used with ON Circuit 


Emulation 
(ONCE). 


This sect on describes 
the 376 embedded 
processor 


instructio 
set. Table 
8.1 lists all instructions 
along 


with 
instruction 
encoding 
diagrams 
and 
clock 


counts. 
Further 
details 
of the 
instruction 
encoding 


are then 
provided 
in the 
following 
sections, 
which 


completely 
describe 
the encoding 
structure 
and the 


definition 
of all fields occurring 
within 80376 
instruc- 


tions. 


8.1 80376 Instruction 
Encoding and 


Clock Count Summary 


To calculate 
elapsed 
time for an instruction, 
multiply 


the instruction 
clock count, as listed in Table 8.1 be- 


low, by the processor 
clock period (e.g. 50 ns for an 


80376 operating 
at 20 MHz). The actual clock count 


of 
an 
80376 
program 
will 
average 
10% 
more 


than the calculated clock count due to instruction 
sequences which execute faster than they can be 
fetched from memory. 


Instruction 
Clock 
Count 
Assumptions: 
1. The instruction has been prefetched, decoded, 
and is ready for execution. 
2. Bus cycles do not require wait states. 
3. There are no local bus HOLD requests delaying 
processor acess to the bus. 
4. No exceptions are detected during instruction ex- 
ecution. 


5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts showns. However, if the effec- 
tive address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 
6. Memory reference instruction accesses byte or 
aligned 16-bit operands. 


Instruction 
Clock 
Count 
Notation 
- 
If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 


-n 
= number of times repeated. 


-m 
= number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts as one component, the entire im- 
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre- 
fix(es) each count as one component. 


Misaligl1ed 
or 32-Bit Operand 
Accesses: 
-If 
instructions accesses a misaligned 16-bit oper- 
and or 32-bit operand on even address add: 
2' 
clocks for read or write. 
4" 
clocks for read and write. 
- 
If instructions accesses a 32-bit operand on odd 
address add: 
4' 
clocks for read or write. 
8" 
clocks for read and write. 


Wait states add 1 clock per wait state to instruction 
execution for each data access. 


Clock 
Number 


IMtructlon 
Format 
Counts 
olOata 
Notes 


Cycles 


GENERAL 
DATA TRANSFER 


MOV = Move: 


Register to Register IMemory 
I 
1000100w 
I mod reg 
rim I 
2/2' 
Oil' 
a 


Register/Memory 
to Register 
I 
1000101w 
I mod reg 
rim I 
2/4' 
Oil' 
a 


Immediate 
to Register/Memory 
I 
1100011 
w I modOOO 
r/ml 
immediate 
data 
2/2' 
Oil' 
a 


Immediate to Register (Short Form) 
1011 
w 
reg I immediate 
data 
2 
2 


Memory to Accumulator 
(Short Form) 
1010000w 
I full disp{acement 
4' 
l' 
a 


Accumulator 
to Memory (Short Form) 
1010001w 
I full displacement 
2' 
l' 
a 


RegisterlMemory 
to Segment Register 
10001110 
I modsreg3 
rim I 
22/23' 
016' 
s,b.c 


Segment Register to RegisterlMemory 
10001100 
I modsreg3 
rim I 
2/2' 
Oil' 
a 


IotOVSX = Move with Sign Extenalon 


Register 
from Register/Memory 
I 
00001111 
I 
1011111 
w I mod reg 
r;] 
3/6' 
Oil' 
a 


MOVZX 
- 
Move with Zero Extenalon 


Register 
from Register IMemory 
I 
00001111 
1011011 
w I mod reg 
r;] 
3/6' 
Oil' 
a 


PUSH = Push: 


Register/Memory 
I 
11111111 
modl10 
rim I 
7/9' 
2/4' 
a 


Register (Short Form) 
101010 
reg 
4 
2 
a 


Segment Register (ES, CS, SS or OS) 
I 000sreg211 
0 
4 
2 
a 


Segment Register (FS or GS) 
I 
00001111 
10sreg3000 
I 
4 
2 
a 


Immediate 
I 
011010s0 
immediate 
data 
4 
2 
a 


PUSHA = Push All 
1 
01100000 
34 
16 
a 


POP = Pop 


Register/Memory 
I 
10001111 
modOOO 
rim I 
719' 
2/4' 
a 


Register (Short Form) 
101011 
reg 
6 
2 
a 


Segment Register (ES, SS or OS) 
1000Sreg2111 
25 
6 
a, b,c 


Segment Register (FS or GS) 
I 
00001111 
1 Osreg300 
1 I 
25 
6 
8, b, C 


POPA = Pop All 
I 
01100001 
40 
16 
a 


XCHG - 
Exchange 


RegisterlMemory 
with Register 
1 
1000011w 
1 mod reg 
rim 1 
3/5" 
0/2" 
a,m 


Register 
with Accumulator 
(Short Form) 
110010 
reg I 
3 
0 


IN ~ Input Irom: 


Fixed Port 
1 
1110010w 
I 
port number 
I 
6' 
l' 
f,k 


26' 
l' 
f,l 


Variable Port 
I 
1110110w 
I 
7' 
l' 
f,k 


27' 
l' 
1,1 


OUT ~ Output 
to: 


Fixed Port 
I 
1110011 
w 
1 
port number 
I 
4' 
l' 
f,k 


24' 
l' 
f,1 


Variable Port 
1 
1110111 
w I 
5' 
l' 
f,k 


26' 
l' 
1,1 


LEA ~ Load EA to Register 
1 
10001101 
1 mod reg 
rim I 
2 


• 


Clock 
Number 
Instruction 
Format 
Countl 
olDlto 
Not •• 
Cyclll 


SEGMENT CONTROL 


LOS ~ Lood Point •• to OS 
I 
11000101 
mod reg 
rIm 
26' 
6' 
a,b, e 


LES = LOld Pointer to ES 
I 
11000100 
mod reg 
rIm 
26' 
6' 
a,b,e 


LFS ~ Lold 
Pointer to FS 
I 00001111 
10110100 
mod reg 
r/ml 
29' 
6' 
a,b,e 


LGS = Lold 
Pointer to GS 
I 00001111 
10110101 
mod reg 
r/~ 
29' 
6' 
a, b,c 


LSS ~ Load Pointer to SS 
I 
00001111 
10110010 
mod reg 
fir;] 
26' 
6' 
a, b,c 


FLAG CONTROL 


CLC = Clear Carry Flag 
11111000 
2 


CLD ~ Clear Direction Flag 
11111100 
2 


CLI = Clear Interrupt 
Enable Flag 
11111010 
B 
f 


CLTS ~ Clear Talk Switched FIIg 
00001111 
00000110 
I 
5 
e 


CMC ~ Complement Carry Flag 
11110101 
2 


LAHF ~ Load AH Into Flag 
10011111 
2 


POPF = Pop Flagl 
10011101 
7 
a,9 


PUSHF ~ Puah Flagl 
10011100 
4 
a 


SAHF = Store AH Into Flagl 
I 
10011110 
3 


STC ~ set Carry Flag 
I 
11111001 
2 


STD = set Direction Flag 
I 
11111101 
2 


STI = set Interrupt 
Enable Flag 
I 
11111011 
B 
f 


ARITHMETIC 
ADD = Add 


Register 
to Register 
OOOOOOdw I mod reg 
rIm I 
2 


Register 
to Memory 
OOOOOOOw I mod reg 
rIm I 
7" 
2" 
a 


Memory 
to Register 
0000001w 
I mod reg 
rIm I 
6' 
l' 
a 


Immediate to Register/Memory 
100000sw 
I modOOO 
rIm I immediate 
data 
217" 
0/2" 
a 


Immediate 
to Accumulator 
(Short Form) 
0000010w 
I 
immediate 
data 
2 


ADC = Add with Carry 


Register 
to Register 
000100dw 
mod reg 
rIm I 
2 


Register 
to Memory 
0001000w 
mod reg 
rIm I 
7" 
2" 
a 


Memory 
to Register 
0001001w 
mod reg 
r/ml 
6' 
l' 
a 


Immediate to Register/Memory 
100000sw 
mod010 
r/ml 
immediate 
data 
2/7" 
0/2" 
a 


Immediate 
to Accumulator 
(Short Form) 
0001010w 
immediate 
data 
2 


INC = Increment 


Register/Memory 
I 
1111111w 
I modOOO 
rIm I 
2/6" 
0/2" 
a 


Register (Short Form) 
101000 
reg I 
2 


SUB = Subtract 


Register 
from 
Register 
I 001010dw 
I mod reg 
rIm I 
2 


Clock 
Number 


Instruction 
Format 
Counts 
01 Data 
Notes 


Cycles 


ARITHMETIC (Continued) 


Register 
from Memory 
I 00101 
OOw ImOdreg 
r/ml 
7" 
2" 
a 
, 


Memory 
from Register 
1 0010101w 
1mod reg 
r/ml 
6' 
1 
a 


Immediate 
from Register/Memory 
1 100000sw 
Imod101 
rim I immediate 
data 
2/7" 
0/1"' 
a 


Immediate 
from Accumulator 
(Short Form) 
1 0010110W! 
immediate 
data 
2 


SBB ~ Subtract with Borrow 


Register 
from Register 
1 00011 
Odw 
Imodreg 
r/ml 
2 


Register 
from Memory 
I 0001100w 
Imodreg 
r/ml 
7" 
2" 
a 


Memory 
from Register 
I 0001101 
w Imodreg 
r/ml 
6' 
l' 
a 


Immediate 
from R6gister/Memory 
I 1 OOOOOsw 
Imod011 
r/ml 
immediate 
data 
217" 
0/2" 
a 


Immediate 
from Accumulator 
(Short Form) 
I 0001110wl 
immediate 
data 
2 


DEe = Decrement 


Register/Memory 
1 l111111w 
Irego01 
r/ml 
2/6" 
0/2" 
a 


Register (Short Form) 
101001 
regl 
2 


CMP ~ Compare 


Register 
with Register 
001110dw 
Imodreg 
rim! 
2 


Memory 
with 
Register 
0011100w 
Imad rag 
r/ml 
5' 
l' 
a 


Register 
with Memory 
0011101w 
Imad rag 
r/ml 
6" 
2" 
a 


Immediate 
with Register/Memory 
1OOOOOsw 
I mod 111 
r/ml 
immediate 
data 
2/5' 
0/1' 
a 


Immediate 
with Accumulator 
(Short Form) 
001111 
Ow 1 
immediate 
data 
2 


NEG - 
Change Sign 
1111011w 
ImOdOl1 
rim! 
2/6' 
0/2' 
a 


AAA = ASCII Adjust lor Add 
00110111 
I 
4 


AAS ~ ASCII Adjust lor Subtract 
I 00111111 
I 
4 


DAA ~ Decimal Adjust lor Add 
I 00100111 
I 
4 


DAS ~ Decimal Adjust lor Subtract 
I 00101111 
1 
4 


MUL = Multiply (Unsigned) 


Accumulator 
with 
Register/Memory 
1 1111011w 
ImOd100 
rlml 


Multiplier-Byte 
12-17/15-20 
0/1 
a,n 


-Word 
12-25/15-28' 
0/1' 
a,n 


-Ooubleword 
12-41/17-46' 
0/2' 
a,n 


IMUL - 
Integer Multiply (Signed) 


Accumulator 
with Register/Memory 
I 1111011 
w ImOd 101 
rim! 


Multiplier-Byte 
12-17/15-20 
011 
a,n 
-Word 
12-25/15-28' 
011' 
a,n 


-Doubleword 
12-41/17-46' 
0/2' 
a,n 


Register 
with 
Register 
IMemory 
I 00001111 
1 10101111 
Imod reg 
'/ml 


Multiplier-Byte 
12-17/15-20 
011 
a,n 


-Word 
12-25/15-28' 
Oil' 
a,n 


-Doubteword 
12-41/17-46' 
0/2' 
a,n 


Register/Memory 
with 
Immediate 
to Register 
I 01101 
Os 1 Imod reg 
r/ml 
immediate 
data 


-Word 
13-26/14-27' 
0/1' 
a,n 


-Doubleword 
13-42/16-45' 
0/2' 
a,n 


Clock 
Number 


Instruction 
Format 
OfD.ta 
Note. 
Counta 
Cycle. 


ARITHMETIC 
(Continued) 


DIY ~ Divide (Unsigned) 


Accumulator 
by Register/Memory 
1 1111011w 
Imodl10 
r/ml 


Divisor-Byte 
14/17 
011 
a,o 


-Word 
22/25' 
Oil' 
a,O 


-Doubleword 
38/43' 
012' 
a,o 


IDlY ~ Integer 
Divide (Signed) 


Accumulator 
by Register/Memory 
I 1111011 
w 1mod 111 
r/ml 


Divisor-Byte 
19/22 
011 
a,° 


-Word 
27/30' 
011 
a,o 
-Doubleword 
43/48' 
012' 
a,o 


AAD ~ ASCII Adjust 
lor Divide 
1 11010101 
1000010101 
19 


AAM 
~ ASCII Adjust 
lor Multiply 
1 11010100 
1000010101 
17 


CBW ~ Convert 
Byte to Word 
1 10011000 
1 
3 


CWO = Convert 
Word to Double 
Word I 10011001 
1 
2 


LOGIC 


Shift Rotate Instructions 


Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 


Register/Memory 
by 1 
11101 
OOOw 
ImodTTT 
r/ml 
317" 
0/2" 
a 


Register/Memory 
by CL 
11101001 
w 1mod TTT 
r/ml 
317" 
0/2·· 
a 


Register/Memory 
by Immediate Count 
111 
OOOOOw 
ImodTTT 
r/ml immed 8~bit data 
3/7" 
0/2" 
a 


Through Carry (RCL and RCR) 


Register/Memory 
by 1 
1 1101 
OOOw 
ImOdTTT 
r/ml 
9/10" 
0/2" 
a 


Register I Memory by CL 
I 1101001 
w 1mod TTT 
r/ml 
9/10" 
10/2" 
a 


Register/Memory 
by Immediate Count I 11 OOOOOw 
ImodTTT 
r/mlimmed 
a-bildats 
9/10" 
0/2" 
a 


TTT 
Instruction 


000 
ROL 


001 
ROR 


010 
RCL 


011 
RCR 


100 
SHL/SAl 


101 
SHR 


111 
SAR 


SHLD ~ Shill 
Lell Double 


Register/Memory 
by Immediate 
1 00001111 
1 10100100 
Imod rag 
r/mlimmed 
8-bitdata 
3/7" 
0/2" 


Register/Memory 
by CL 
1 00001111 
I 10100101 
Imod reg 
r/ml 
3/7" 
0/2·· 


SHRD ~ Shill 
Right Double 


Register/Memory 
by Immediate 
1 00001111 
I 10101100 
1mod rag 
rIm Iimmed 8·bit data 
3/7" 
0/2" 


RegisterlMemory 
by Cl 
1 00001111 
I 10101101 
Imod reg 
r/ml 
317" 
0/2" 


AND ~ And 


Register to Register 
I 001000dw 
1mod rag 
r/ml 
2 


Table 8.1. 80376 Instruction 
Set Clock Count Summa!) 
(Continued) 


Clock 
Number 


Instruction 
Format 
Counts 
of Data 
Notes 


Cycles 


LOGIC 
(Continued) 


Register to Memory 
I 0010000w 
Imod reg 
r/ml 
7" 
2'" 
a 


Memory to Register 
I 0010001w 
I mod reg 
r/ml 
6' 
l' 
a 


Immediate to Register/Memory 
I 1000000w 
I~Odl00 
rIm I immediate data 
2/7'" 
0/2'" 
a 


Immediate to Accumulator 
(Short Form) 
I 0010010 
w I immediate data 
2 


TEST = And Function 
to Flags, No Result 


Register/Memory 
and Register 
I 100001 
Ow 
!modreg 
r/ml 
2/5' 
Oil' 
a 


Immediate 
Data and Register/Memory 
I 1111011 
w 
ImodOOO 
rIm I immediate data 
2/5' 
Oil' 
a 


Immediate Data and Accumulator 
I 
I immediate data 
(Short Form) 
1010100w 
2 


OR = Or 


Register to Register 
000010dw 
I mod reg 
r/ml 
2 


Register to Memory 
00001 
OOw 
!modreg 
r/ml 
7'" 
2'" 
a 


Memory to Register 
0000101w!modreg 
r/ml 
6' 
l' 
a 


Immediate to Register/Memory 
1 OOOOOOw 
!niodOO 
1 
r/ml 
immediate data 
217'" 
0/2'" 
a 


Immediate to Accumulator 
(Short Form) 
0000 
11 Ow I immediate data 
2 


XOR = Exclusive 
Or 


Register to Register 
001100dw 
Imod reg 
r/ml 
2 


Register to Memory 
0011000w 
Imod reg 
r/ml 
7'" 
2'" 
a 


Memory to Register 
0011001 
w 
I mod reg 
r/ml 
6' 
l' 
a 


Immediate to Register/Memory 
I 1 OOOOOOw Imod 11 0 
rIm I immediate data 
2/7'" 
0/2'" 
a 


Immediate to Accumulator 
(Short Form) 
I o 0 1 1 0 lOw I immediate data 
2 


NOT ~ Invert 
ReglsterlMemory 
I 1111011w 
ImodOl0 
r/ml 
2/6'" 
0/2'" 
a 


STRING MANIPULATION 


CMPS = Compare 
Byte Word 
I 1010011 
wi 
10' 
2' 
a 


INS = Input BytelWord 
Irom DX Port 
I 


9'" 
1'" 
a,f,k 
0110110w 
29'" 
1'" 
a,f,1 


LODS - 
Load BytelWord 
to ALl AX/EAX 
I 1010110w 
5' 
l' 
a 


MOVS = Move Byte Word 
I 1010010w 
7'" 
2'" 
a 


OUTS = Output 
BytelWord 
to DX Port 
I 0110111 
w 
8'" 
1'" 
a,f,k 


28'" 
1'" 
a,f,1 


SCAS = scan Byte Word 
I 1010111 
w 
7' 
l' 
a 


STOS = Store BytelWord 
Irom 


AL/AX/EX 
I 1010101 
w 
I 
4' 
l' 
a 


XLAT = Translate 
String 
I 11010111 
I 
5' 
1" 
a 


REPEATED 
STRING MANIPULATION 


Repeated by Count in CX or ECX 


REPE CMPS ~ Compare 
Strtng 


(Find Non-Match) 
I 11110011 
I 1010011 
wi 
5 + 9n-- 
2n-· 
a 


• 


Clock 
Number 
Instruction 
Format 
Counts 
ot08tS 
Notes 
Cycles 


REPEATED STRING MANIPULATION (Continued) 


REPNE CMPS = Compare String 


(Find Match) 
I 11110010 
1010011 
w 
5 + 90" 
20" 
a 


I 


7 + 6n' 
1n' 
a,f,k 
REP INS = Input String 
11110011 
0110110w 
27 + 6n' 
1n' 
a,f,l 


REP LODS ~ Load String 
I 11110011 
1010110w 
5 + 6n' 
1n' 
a 


REP MOVS - 
Move String 
I 
11110011 
1010010w 
7 + 40" 
20" 
a 


I 
6 + 5n' 
ln' 
a,l,k 
REP OUTS ~ Output String 
11110011 
0110111 
w 
26 + 50' 
ln' 
a,f,l 


REPE SCAS ~ Scan String 


(Find Non-ALl AX/EAX) 
I 
11110011 
I 1010111 
w I 
5 + Bn' 
ln' 
a 


REPNE SCAS = Scan String 


(Find All AX/EAX) 
I 
11110010 
I 1010111 
wi 
5 + 8n' 
ln' 
a 


REP STOS - 
Store String 
I 
11110011 
I 1010101 
w I 
5 + 50' 
ln' 
a 


BIT MANIPULATION 


BSF ~ Scan Bit Forward 
I 00001111 
I 
10111100 
I mod reg 
r/ml 
10 + 3n" 
20" 
a 


BSR = SCan Bit Reverse 
I 00001111 
I 
10111101 
I mod 
reg 
r/ml 
10 + 30" 
20" 
a 


BT - Test Bit 


Register 
I Memory, 
Immediate 
100001111 
1 10111010lmod100 
r/ml 
immed 
8-bit datal 
3/6' 
0/1' 
a 


Register/Memory, 
Register 
I 00001111 
I 
10100011 
I mod reg 
r/ml 
3/12' 
0/1' 
a 


BTC ~ Test Bit and Complement 


Register/Memory, 
Immediate 
I 00001111 
I 
10111010 
Imod111 
rIm I immod 
a·bit data I 
6/B' 
0/2' 
a 


Register/Memory, 
Register 
I 00001111 
I 
10111011 
I mod reg 
r/ml 
6/13' 
0/2' 
a 


BTR ~ Test Bit and Reset 


Register/Memory, 
Immediate 
100001111110111010lmod110 
rIm I immud 8-bit datal 
6/B' 
0/2' 
a 


Register/Memory, 
Register 
I 00001111 
I 10110011 
I mod reg 
r/ml 
6/13' 
0/2' 
a 


BTS ~ Test Bit and Set 


Register/Memory, 
Immediate 
I 00001111 
I 10111010 
I mod 1 0 1 
r/mlimm(~ 
6/B' 
0/2' 
a 


Register 
I Memory, 
Register 
I 00001111 
I 10101011 
Imod reg 
r/ml 
6/13' 
0/2' 
a 


CONTROL TRANSFER 


CALL ~ Call 


Direct within Segment 
I 
11101000 
I full displacement 
9 + m' 
2 
i 


Register/Memory 


Indirect 
within 
Segment 
I 
11111111 
ImodOl0 
r/ml 
9 + m/12 + m 
2/3 
a,i 


Direct 
Intersegment 
I 
10011010 
I unsigned 
full offset, 
selector 
42 + m 
9 
c, d,i 


Clock 
Number 


Instruction 
Format 
Counts 
olData 
Notes 
Cycles 


CONTROL 
TRANSFER 
(Continued) 


(Direct Intersegment) 


Via Call Gate to Same Privilege Level 
64 + m 
13 
a,c,d,j 


Via Call Gate to Different Privilege Level, 


(No Parameters) 
98 + m 
13 
a,c,d,j 


Via Call Gate to Different Privilege Level, 


(x Parameters) 
106 + 8x + m 
13 + 4x 
a,c,d,j 


From 386 Task to 386 TSS 
392 
124 
a,c,d,j 


Indirect Intersegment 
I 11111111 
Imod011 
r/ml 
46 + m 
10 
a,c,d,j 


Via Call Gate to Same Privilege Level 
68 + m 
14 
a,c,d,j 


Via Call Gate to Different Privilege Level, 


(No Parameters) 
102 + m 
14 
a,c,d,j 


Via Call Gate to Different Privilege Level, 


(x Parameters) 
110+8x+m 
14 + 4x 
a,c,d,j 


From 386 Task to 386 TSS 
399 
130 
a,c,d,j 


JMP = Unconditional 
Jump 


Short 
I 11101011 
IS.bit displacement I 
7 + m 
j 


Direct within Segment 
I 11101001 
I full displacement 
7 + m 
j 


Register/Memory 
Indirect within Segment I 11111111 
Imod100 
r/ml 
9 + m/14 
+ m 
2/4 
a,j 


Direct Intersegment 
I 11101010 
Iunsigned full offset. selector 
37 + m 
5 
c,d,j 


Via Call Gate to Same Privilege Level 
53 + m 
9 
a,c,d,j 


From 386 Task to 386 TSS 
395 
124 
a,c,d,j 


Indirect Intersegment 
I 11111111 
Imod 1 0 1 
r/ml 
37 + m 
9 
a,c,d,j 


Via Call Gate to Same Privilege Level 
59 + m 
13 
a,c,d,j 


From 386 Task to 386 TSS 
401 
124 
a,c,d,j 
• 


Clock 
Number 


Instruction 
Format 
Counl. 
010.1. 
Nole. 


Cycle. 


CONTROL TRANSFER (Conlinued) 


RET ~ Relurn Irom CALL: 


Within Segment 
I 
11000011 
I 
12 + m 
2 
a,j,p 


Within Segment Adding Immediate to SP I 
11000010 
I 
16-bit displ 
I 
12 + m 
2 
a,j,p 


Intersegment 
I 
11001011 
I 
36 + m 
4 
e,c,d,i,p 


Intersegment 
Adding Immediate to SP 
I 
11001010 
I 
16-bit displ 
I 
36 + m 
4 
a,c,d,i,p 


to Different Privilege Level 


Intersegment 
80 
4 
c,d,j,p 


Intersegment 
Adding Immediate to SP 
80 
4 
c,d,j,p 


CONDITIONAL JUMPS 


NOTE: Times Are Jump "Taken or Not Taken" 


JO ~ Jump on Overflow 


a·Bit Displacement 
I 
01110000 
I 
8-bit displ 
I 
7+mor3 
i 


Full Displacement 
I 
00001111 
I 10000000 
I full displacement 
7 + mor3 
j 


JNO ~ Jump on Nol Overflow 


a·Bit Displacement 
I 
01110001 
I 
8-bit displ 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10000001 
I full displacement 
7 + mor3 
i 


JB/JNAE 
- 
Jump on Beiow/Nol 
Above or Equal 


8·Bit Displacement 
I 
01110010 
I 
8-bitdispl 
I 
7 + mor3 
i 


Full Displacement 
I 
00001111 
I 
1 0 0 0 0 0 1 0 I full displacement 
7 + m or3 
i 


JNB/JAE 
~ Jump on Nol Below/Above 
or Equal 


8·Bit Displacement 
I 
01110011 
I 
8·bitdispl 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10000011 
I full displacement 
7 + mor3 
i 


JE/JZ 
~ Jump on Equal/Zero 


a-Bit Displacement 
I 
01110100 
I 
8·bitdispl 
I 
7 + mor3 
i 


Full Displacement 
I 
00001111 
I 
10000100 
I full displacement 
7 + mor3 
j 


JNE/JNZ 
= Jump on Nol Equai/Nol 
Zero 


a-Bit Displacement 
I 01110101 
I 
8-bil displ 
I 
7+mor3 
j 


Full Displacement 
I 00001111 
I 
10000101 
Ifull displacement 
7 + mor3 
j 


JBE/JNA 
= Jump on Below or EquallNol 
Above 


8·Bit Displacement 
I 01110110 
I 
8-Mdispl 
I 
7+mor3 
j 


Full Displacement 
I 00001111 
I 
10000110 
I full displacement 
7+mor3 
j 


JNBE/ JA = Jump on Nol Below or Equal/ Above 


8·Bit Displacement 
I 
01110111 
I 
8·bit displ 
I 
7 + mor3 
i 


Full Displacement 
I 
00001111 
I 
10000111 
I full displacement 
7+mor3 
i 


JS ~ Jump on Sign 


8·Bit Displacement 
I 
01111000 
I 
8·bitdispl 
I 
7 + mor3 
i 


Full Displacement 
I 00001111 
I 
10001000 
Ifull dtsplacel'Tlent 
7 + mor3 
j 


Clock 
Number 
Instruction 
Format 
Counts 
olData 
Notes 
Cycles 


CONDITIONAL JUMPS (Continued) 


JNS ~ Jump on Not Sign 


8-Bit Displacement 
[ 
01111001 
I 
8-bit displ 
I 
7 + mor3 
j 


Full Displacement 
[ 
00001111 
I 
10001001 
I full displacement 
7 + mor3 
j 


JP/JPE ~ Jump on Parity/Parity 
Even 


8·Bit Displacement 
I 
01111010 
I 
8-bit displ 
I 
7+mor3 
j 


Full Displacement 
I 
00001111 
I 
10001010 
I futl displacement 
7 + m or3 
j 


JNP/JPO ~ Jump on Not Parity/Parity 
Odd 


B·Bit Displacement 
I 
01111011 
I 
8-bit displ 
I 
7 + m or3 
j 


Full Displacement 
I 
00001111 
I 
10001011 
I full displacement 
7 + m or 3 
j 


JL/JNGE 
~ Jump on Less/Not Greater or Equal 


8-Bit Displacement 
I 
01111100 
I 
8-bit displ 
I 
7 + m or 3 
j 


Full Displacement 
I 
00001111 
I 
10001100 
I full displacement 
7 + m or 3 
j 


JNL/JGE 
~ Jump on Not Less/Greater 
or Equal 


8-Bit 
Displacement 
I 
01111101 
I 
8-bit displ 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10001101 
I full displacement 
7 + mor3 
j 


I 


JLE/ JNG ~ Jump on Less or Equal/Not Greater 


8-Bit 
Displacement 
I 
01111110 
I 
8-bit displ 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10001110 
I full displacement 
7 + mor3 
j 


JNLE/JG 
~ Jump on Not Less or Equal/Greater 


B·Bit Displacement 
I 
01111111 
I 
8-bitdispl 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10001111 
I full displacement 
7 + mor3 
j 


JECXZ ~ Jump on ECX Zero 
I 
11100011 
I 
8-bitdispl 
I 
9 + merS 
j 


(Address Size Prefix Differentiates 
JCXZ from JECXZ) 


LOOP ~ Loop ECX Times 
I 
11100010 
I 
8-bit displ 
I 
11 + m 
j 


LOOPZ/LOOPE ~ Loop with 
I 
I 
I 
Zero/Equal 
11100001 
8-bit displ 
11 + m 
j 


LOOPNZ/LOOPNE ~ Loop While 
I 
I 
I 
Not Zero 
11100000 
8-bit displ 
11 + m 
j 


CONDITIONAL BYTE SET 


NOTE: Times Are Register/Memory 


SETO ~ Set Byte on Overflow 


To Register/Memory 
I 
00001111 
I 
10010000 
I modOOO 
rIm I 
4/5' 
0/1' 
a 


SETNO ~ Set Byte on Not Overflow 


To Register/Memory 
I 
00001111 
I 
10010001 
I modOOO 
r/;;J 
4/5' 
Oil' 
a 


SETB/SETNAE ~ Set Byte on Below /Not Above or Equal 


To Register/Memory I 
00001111 
I 
10010010 
I mod 0.0 0 
r/;] 
4/5' 
0/1' 
a 


• 


intel~ 


Clock 
Number 


Instruction 
Format 
Counts 
of Oat a 
Notes 


Cycles 


CONDITIONAL 
BYTE SET (Continued) 


SETNB ~ set Byte on Not Below/ Above or Equal 


To Register/Memory 
I 
00001111 
I 
10010011 
I mcdOOO r;] 
4/5' 
0/1' 
a 


SETE/SETZ = set Byte on Equal/Zero 


To Register I Memory 
I 
00001111 
I 
10010100 
I modOOO r;] 
4/5' 
0/1' 
a 


SETNE/SETNZ ~ Set Byte on Not Equal/Not 
Zero 


To Register/Memory 
I 
00001111 
I 
10010101 
I modOOO r;] 
4/5' 
0/1' 
a 


SETBE/SETNA 
~ Set Byte on Below or Equal/Not 
Above 


To Register/Memory 
I 
00001111 
I 
10010110 
I mcdOOO r;] 
4/5' 
0/1' 
a 


SETNBE/SETA = Set Byte on Not Below or Equal/Above 


To Register/Memory I 
00001111 
I 
10010111 
I modOOO r;] 
4/5' 
0/1' 
a 


SETS ~ Set Byte on Sign 


To Register/Memory 
I 
00001111 
I 
10011000 
I modOOO I;] 
4/5' 
Oil' 
a 


SETNS ~ Set Byte on Not Sign 


To Register/Memory 
I 
00001111 
I 
10011001 
I mcdOOO r;] 
4/5' 
0/1' 
a 


SETP/SETPE = set Byte on Partty/Parlty 
Even 


To Register/Memory 
I 
00001111 
I 
10011010 
I mcdOOO r;] 
4/5' 
0/1' 
a 


SETNP/SETPO ~ set Byte on Not Parity/Parity 
Odd 


To Register/Memory I 
00001111 
I 
10011011 
I modOOO r;] 
4/5' 
0/1' 
a 


SETL/SETNGE 
~ Set Byte on Less/Not 
Greater or Equal 


To Register/Memory 
I 
00001111 
I 
10011100 
I mcdOOO ~ 
4/5' 
0/1' 
a 


SETNLlSETGE 
~ set Byte on Not Less/Greater 
or Equal 


To Register/Memory 
I 
00001111 
I 
01111101 
I mcdOOO 
~ 
4/5' 
0/1' 
a 


SETLE/SETNG = Set Byte on Less or Equal/Not 
Greater 


To Register/Memory 
I 
00001111 
I 
10011110 
I mcdOOO 
~ 
4/5' 
0/1' 
a 


SETNLE/SETG = Set Byte on Not Less or Equal/Greater 


To Register/Memory 
I 
00001111 
I 
10011111 
I mcdDOe 
~ 
4/5' 
Oil' 
a 


ENTER = Enter Procedure 
I 
1 1 0 0 1 0 0 0 I 16-bit displacement, a-billevel 
~ 


L~O 
10 
a 
L = 1 
14 
1 
a 


L> 
1 
17 +8(n 
- 
1) 
4(n -1) 
a 


LEAVE = Leave Procedure 
I 
11001001 
I 
6 
a 


Clock 
Number 
Instruction 
Format 
Counts 
ofooto 
Note. 
Cycleo 


INTERRUPT 
INSTRUCTIONS 


INT - 
Interrupt: 


Type Specified 
I 
11001101 
I 
type 
I 


Via Interrupt 
or Trap Gate 


to Same Privilege Level 
71 
14 
c,d,j,p 


Via Interrupt or Trap Gate 


to Different 
Privilege Level 
111 
14 
c,d,j,p 


From 386 Task to 386 TSS via Task Gate 
467 
140 
c,d,j,p 


Type 3 
I 
11001100 
I 


Via Interrupt or Trap Gate 


to Same 
Privilege Level 
71 
14 
c,d,j,p 


Via Interrupt or Trap Gate 


to Different 
Privilege Level 
111 
14 
c,d,j,p 


From 386 Task to 386 TSS via Task Gate 
308 
138 
c,d,j,p 


INTO ~ Interrupt 
4 If Overflow 
Flog Set I 
11001110 
I 


IIOF 
~ 1: 
3 
IIOF 
~ 0 


Via Interrupt or Trap Gate 


to Same 
Privilege Level 
71 
14 
c,d,j,p 


Via Interrupt or Trap Gate 


to Different 
Privilege Level 
111 
14 
c,d,j,p 


From 386 Task to 386 TSS via Task Gate 
413 
138 
c,d,j,p • 


Clock 
Number 


Instruction 
Format 
Count. 
01 Data 
Notea 
Cycleo 


INTERRUPT 
INSTRUCTIONS 
(Continued) 


Bound 
~ Out 01 Range 
I 01100010 
I 
mod reg 
rIm I 
Interrupt 
5 II Detect 
Value 


II In Range 
10 
0 
a,c,d,j,o,p 


II Out 01 Range: 


Via Interrupt or Trap Gate 


to Same PrivilegeLevel 
71 
14 
c,d,j,p 


Via Interrupt or Trap Gate 


to Different Privilege Level 
111 
14 
c,d,j,p 


From 386 Task to 386 TSS via Task Gate 
398 
138 
c,d,j,p 


INTERRUPT 
RETURN 


IRET ~ Interrupt 
Return 
I 
11001111 
I 


To the Same PrivilegeLevel (withinTask) 
42 
5 
a,c,d,j,p 
To DifferentPrivilegeLevel (within Task) 
86 
5 
a,c,d,j,p 


From 386 Task to 386 TSS 
328 
138 
c,d,j,p 


PROCESSOR CONTROL 


HLT - 
HALT 
I 
11110100 
I 
5 
b 


MOV = Move to and from Control/Debu 
ITeat 
Reglatera 


CRO 
from register 
00001111 
I 
00100010 
11 eeereLJ 
10 
b 


Register from CRe 
00001111 
I 
00100000 
11 eeereLJ 
6 
b 


DRO-3 from Register 
00001111 
I 
00100011 
11 eeereLJ 
22 
b 


DA6-7 
from Register 
00001111 
I 00100011 
11 eeereLJ 
16 
b 


Register from DA6-7 
00001111 
I 
00100001 
11 eeereLJ 
14 
b 


Register from DRO-3 
00001111 
I 
00100001 
11 eeereLJ 
22 
b 


NOP ~ No Operation 
I 
10010000 
I 
3 


WAIT ~ Walt until BUSY Pin la Negated 
I 
10011011 
I 
6 


Clock 
Number 


Instruction 
Format 
Counts 
01 Dsts 
Not•• 
Cycles 


PROCESSOR EXTENSION INSTRUCTIONS 


Processor Extension Escape 
, 
"0" 
TTT 
I modLLL 
rIm I 
See 80387SX Data Sheet 
a 


TIT and LLL bits are opeode 


information for coprocessor. 


PREFIX BYTES 


Add ••••• Size Prell. 
I 0' 
, 00' 
, , I 
0 


LOCK - 
Bus Lock Prell. 
, 
""0000 
I 
0 
I 


Operand Size Prell. 
I 
0' 
, 00' 
, 0 I 
0 


Segment 
Override 
Prefix 


CS: 
I 00' 
0' 
, , 0 
0 


OS: 
I 00' 
, , , , 0 
0 


ES: 
I 00'00'10 
0 


FS: 
I 0"00'00 
0 


GS: 
I 0"00'0' 
0 


55: 
I 00' 
, 0' 
, 0 
0 


PROTECTION CONTROL 


ARPL ~ Adjust Requested PriVilege Level 


From Register/Memory 
I 0"000' 
, 
, mod reg 
rIm I 
20/2' •• 
2" 
a 


LAR= 
Losd Access Rights 


From Register/Memory 
, 
0000' 
, , , , 
000000'0 
I mod reg 
r/ml 
17/18· 
" 


a,c,i,p 


LGDT = Load Global Descriptor 


Table Register 
, 
0000"" 
I 
0000000' 
'modO'O 
r/ml 
'3" 
3' 
a,e 


LIDT - 
Load Interrupt 
Descriptor 


Table Register 
, 
0000'1'1 
I 0000000' 
, modO" 
'/ml 
'3" 
3' 
a,e 


LlDT 
- 
Load Locel Descriptor 


Table Register to 
, 
, 
ImodO'O 
rIm' 
Register/Memory 
0000"" 
00000000 
24/28' 
5' 
a,c,e,p 


LMSW =Load Mschlne Status Word 


From Register/Memory 
, 
0000"" 
, 
0000000' 
I mod' 
1 0 
r/ml 
'0/'3' 
" 
a,e 


LSL - 
Load segment Umll 


From Register/Memory 
I 0000"" 
, 
000000' 
, I mod reg 
rIm I 


Byte-Granular 
Limit 
24127' 
2' 
B,c,i,p 
Page·Granular 
Limit 
29/32' 
2' 
a,c,i,p 


LTR = 
Load Task Register 


From Register/Memory 
, 
0000"" 
, 
00000000 
, modOO' 
rIm ; 
27/3" 
4' 
a,c,e,p 


SGDT ~ Store Global Descriptor 


Table Register 
, 
0000"" 
I 0000000' 
, modOOO 
rIm I 
'" 


3' 
a 


SIDT- 
Store Interrupt 
Descriptor 


Table Register 
, 
0000"" 
, 
0000000' 
'modOO' 
rIm I 
'" 


3' 
a 


SLOT = Store Local Descriptor 
Table Register 


To Register/Memory 
I 0000"" 
, 
00000000 
I modOOO 
rIm' 
2/2' 
4' 
a 


• 


Clock 
Number 
Instruction 
Format 
Counts 
01 Data 
Notea 
Cycle. 


PROTECTION CONTROL (Continued) 


SMSW ~ Store Machine 
I 
I 
Imod'OO 
r/;] 
StatuaWord 
00001111 
00000001 
212' 
l' 
a,c 


STR ~ 
Store Talk Reglater 


To Register/Memory 
I 
00001'" 
I 
00000000 
I mod001 
rI;] 
212' 
" 
a 


VERR ~ 
Verily Read Acce ••• 


Register/Memory 
I 000011'1 
I 
00000000 
Imod100 
r/;] 
'0/11" 
2" 
a,c,i,p 


VERW ~ Verify Write Acce ••• 
I 0000'1'1 
I 00000000 
I mod' 
01 r/;] 
15/16" 
2" 
a.c,i,p 


NOTES: 
a. Exception 13 fault (general violation) will occur if the memory operand n CS, OS, ES, FS or GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack limit is violated, and exception 12 (stack segment limit 
violation or not present) occurs. 
b. For segment load operations, the CPL, RPL and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segments's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present occurs). 
c. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK to maintain 
descriptor integrity in multiprocessor systems. 
d. JMP, CALL, INT, RET and IRET instructions referring to another coda segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is volated. 
e. An exception 13 fault occurs if CPL is greater than O. 
f. An exception 13 fault occurs if CPL is greater than IOPL. 
g. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL field of the flag register is updated only 
if CPL = O. 
h. Any violation of privelege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
i. If the coprocessor's memory operand violates a segment limit or segmEmtaccess rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or no present) will occur if the stack limit is violated by the operand's starting address. 
j. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 
k. If CPL :5: IOPL 
I. If CPL > IOPL 
m. WCK 
is automatically asserted, regardless of the presence or absence of the LOCK prefiX. 


n. The 80376 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi- 
cant bit in the operand (multiplier). Clock counts given are minimum to maximum. To calculate actual clocks use the follow- 
ing formula: 
Actual Clock = if m < > 0 then max ([Iog2 Imll. 3) + 9 clocks: 
if m = 0 then 12 clocks (where m is the multiplier) 
o. An exception may occur, depending on the value of the operand. 
p. LOCK is asserted during descriptor table accesses. 


All instruction encodings are subsets of the general 
instruction format shown in Figure 8.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re- 
quired, and an immediate data field if required. 


Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 


Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 


encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim 
byte to fully specify the addressing 


mode. 


Addressing modes can include a displacement im- 
mediately following the mod rim byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 


If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 


Figure 8.1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 
tions, sometimes within the opcode bytes them- 
selves. Table 8.2 is a complete list of all fields ap- 
pearing in the 80376 instruction set. Further ahead, 3 
following Table 8.2, are detailed tables for each 
field. 


IT T T T T T T TIT T T T T T T T I mod T T T rim I ss index bas~d32116181 
none data32!16!81 
none 
Z 
0 7 
0)\.7 6 5 3 2 0 ) \.7 6 5 3 2 ~\. 
) 
\. 
) 


T 
T 
opcode 


(one or two bytes) 
(T represents an 


opcode bit.) 


"mod rim" 
\. 
byte 
byte 
J 


_. ---------_./ 


immediate 


data 
(4,2, 1 bytes 
or none) 
register and address 
mode specifier 


address 
displacement 
(4, 2, 1 bytes 
or none) 


Field Name 
Description 
Number 
of Bits 


w 
Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
1 
d 
Specifies Direction of Data Operation 
1 
s 
Specifies if an Immediate Data Field Must be Sign-Extended 
1 
reg 
General Register Specifier 
3 


mod rim 
Address Mode Specifier (Effective Address can be a General Register) 
2 for mod; 
3 for rim 
ss 
Scale Factor for Scaled Index Address Mode 
2 


index 
General Register to be used as Index Register 
3 


base 
General Register to be used as Base Register 
3 


sreg2 
Segment Register Specifier for CS, SS, OS,ES 
2 


sreg3 
Segment Register Specifier for CS, SS, OS,ES, FS, GS 
3 


tttn 
For Conditional Instructions, Specifies a Condition Asserted 
or a Condition Negated 
4 


16-Bit Extensions 
of the 
Instruction 
Set 


Two prefixes, the operand size prefix (66H) and the 
effective address size prefix (67H), allow overriding 
individually the default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix- 
es may be placed before the opcode bytes. The 
presence of the operand size prefix (66H) and the 
effective address prefix will allow 16-bit data opera- 
tion and 16-bit effective address calculations. 


For instructions with more than one prefix, the order 
of prefixes is unimportant. 


Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 


Within the instruction are several fields indicating 
register selection, addressing mode and so on. 


For any given instruction performing a data opera- 
tion, the instruction will execute as a 32-bit opera- 
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be- 
low. 


wField 
Operand Size 
Normal 


with 66H Prefix 
Operand Size 


0 
8 Bits 
8 Bits 
1 
16 Bits 
32 Bits 


ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 


The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 


Encoding of reg Field When w Field 


is not Present in Instruction 


Register Selected 
Register Selected 


reg Field 
with 66H Prefix 
During 32-Bit 


Data Operations 


000 
AX 
EAX 


001 
CX 
ECX 


010 
OX 
EoX 


011 
BX 
EBX 


100 
SP 
ESP 


101 
BP 
EBP 


110 
SI 
ESI 
111 
01 
Eol 


Encoding of reg Field When w Field 


is Present in Instruction 


Register Specified by reg Field 


with 66H Prefix 


Function of w Field 
reg 
(whenw = 0) 
(whenw = 1) 


000 
AL 
AX 


001 
CL 
CX 


010 
oL 
OX 


011 
BL 
BX 


100 
AH 
SP 


101 
CH 
BP 
110 
oH 
SI 
111 
BH 
01 


Register Specified by reg Field 


without 66H Prefix 


Function of w Field 
reg 
(when w = 0) 
(when w = 1) 


000 
AL 
EAX 


001 
CL 
ECX 


010 
oL 
EoX 


011 
BL 
EBX 
100 
AH 
ESP 


101 
CH 
EBP 


110 
oH 
ESI 


111 
BH 
Eol 


ENCODING 
OF THE SEGMENT 
REGISTER 
(sreg) 
FIELD 


The sreg field in certain instructions is a 2-bit field 
allowing one of the CS, OS, ES or SS segment regis- 
ters to be specified. The sreg field in other instruc- 
tions is a 3-bit field, allowing the FS and GS segment 
registers to be specified also. 


2·Blt 
Segment 


sreg2 Field 
Register 
Selected 


00 
ES 
01 
CS 
10 
SS 
11 
OS 


3·Blt 
Segment 


sreg3 Field 
Register 
Selected 


000 
ES 
001 
CS 
010 
SS 
011 
OS 
100 
FS 
101 
GS 
110 
do not use 
111 
do not use 


Except for special instructions, such as PUSH or 
POP,where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rim" byte, and a second byte of addressing informa- 
tion, the "s-i-b" 
(scale-index-base) byte, can be 


specified. 


The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rim" byte has rim = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 


The primary addressing byte, the "mod rim" 
byte, 


also contains three bits (shown asm in Figure 8.1) 
sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as 
a register field (reg). 


When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad- 
dressing uses 16-bit address components to calcu- 
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef- 
fective address. When 16-bit addressing is used, the 
"mod rim" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rim" byte is interpreted as a 32-bit addressing 
mode specifier. 


Tables on the following three pages define all en- 
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 


mod rIm 
Effective 
Address 


00000 
DS:[EAX] 


00001 
DS:[ECX] 
00010 
DS:[EDX] 
00011 
DS:[EBX] 
00100 
s-i-b is present 
00101 
DS:d32 
00110 
DS:[ESI] 
00 111 
DS:[EDI] 


01000 
DS: [EAX + d8] 
01 001 
DS: [ECX + d8] 


01010 
DS:[EDX+d8] 


01 011 
DS:[EBX+d8] 


01 100 
s-i-b is present 


01 101 
SS:[EBP+d8] 


01 110 
DS:[ESI+d8] 


01 111 
DS:[EDI+d8] 


mod rIm 
Effective 
Address 


10000 
DS: [EAX + d32] 


10001 
DS:[ECX+d32] 


10010 
DS:[EDX+d32] 


10011 
DS: [EBX + d32] 


10100 
s-i-b is present 


10 101 
SS: [EBP + d32] 


10110 
DS:[ESI+ 
d32] 


10111 
DS:[EDI+d32] 


11000 
register-see 
below 


11 001 
register-see 
below 


11 010 
register-see 
below 


11 011 
register-see 
below 


11100 
register-see 
below 


11 101 
register-see 
below 


11110 
register-see 
below 


11111 
register-see 
below 


Register 
Specified 
by reg or rIm 


during 
Normal Data Operations: 


mod rIm 
function 
of w field 


(whenw=O) 
(whenw=1) 


11 000 
AL 
EAX 


11 001 
CL 
ECX 


11 01 
DL 
EDX 


11 011 
BL 
EBX 


11 100 
AH 
ESP 


11 101 
CH 
EBP 


11110 
DH 
ESI 


11 111 
BH 
EDI 


Register 
Specified 
by reg or rIm 


during 
16·Blt Data Operations: 
(66H Prefix) 


mod rIm 
function 
of w field 


(whenw=O) 
(when w=1) 


11 000 
AL 
AX 


11 00"1 
CL 
CX 


11 010 
DL 
DX 


11 011 
BL 
BX 


11 100 
AH 
SP 


11 101 
CH 
BP 


11 110 
DH 
SI 


11111 
BH 
DI 


intel~ 


mod rIm 
Effective 
Address 


00000 
OS:[BX+SI] 
00001 
OS:[BX+OI] 
00010 
SS:[BP+SI] 
00011 
SS:[BP+OI] 
00100 
OS:[SI] 
00101 
OS:[01] 


00110 
OS:d16 
00 111 
OS:[BX] 


01000 
OS:[BX+ SI+ d8] 
01 001 
OS:[BX+ 01+ d8] 
01010 
SS: [BP+ SI+ dB] 
01 011 
SS: [BP+ 01+ d8] 
01100 
OS:[SI+d8] 
01 101 
OS:[01+d8] 
01 110 
SS:[BP+d8] 


, 01 111 
OS:[BX+d8] 


mod rIm 
Effective 
Address 


10000 
OS:[BX+SI+d16] 


10001 
OS:[BX+01+d16] 


10010 
SS:[BP+SI+d16] 


10011 
SS:[BP+01+d16] 
10100 
OS:[SI+d16] 


10 101 
OS:[OI+d16] 


10110 
SS:[BP+d16] 


10111 
OS:[BX+d16] 


11 000 
register-see 
below 


11 001 
register-see 
below, 


11 010 
register-see 
below 


11 011 
register-see 
below 


11100 
register-see 
below 


11 101 
register-see 
below 


11110 
register-see 
below 


11111 
register-see 
below • 


mod base 
Effective Address 


00000 
OS: [EAX + (scaled index)] 
00001 
OS: [ECX + (scaled index)] 
00010 
OS: [EOX + (scaled index)] 
00011 
OS: [ESX + (scaled index)] 
00100 
SS: [ESP + (scaled index)] 
00101 
OS: [d32 + (scaled index)] 
00110 
OS: [ESI + (scaled index)] 
00 111 
OS: [EOI + (scaled index)] 


01000 
OS: [EAX + (scaled index) + dB] 
01 001 
OS: [ECX + (scaled index) + d8] 
01010 
OS: [EOX + (scaled index) + d8] 
01 011 
OS: [ESX + (scaled index) + d8) 
01100 
SS: [ESP + (scaled index) + d8] 
01 101 
SS: [ESP + (scaled index) + dB] 
01 110 
OS: [ESI + (scaled index) + d8] 
01 111 
OS: [EOI + (scaled index) + dB] 


10000 
OS: [EAX + (scaled index) + d32] 
10001 
OS: [ECX + (scaled index) + d32) 
10010 
OS: [EOX + (scaled index) + d32] 
10011 
OS: [ESX + (scaled index) + d32] 
10100 
SS: [ESP + (scaled index) + d32] 
10 101 
SS: [ESP + (scaled index) + d32) 


10110 
OS: [ESI + (scaled index) + d32] 


10111 
OS: [EOI + (scaled index) + d32] 


NOTE: 
Mod field in "mod rim" 
byte; ss, index, base fields in 


"s-i-b" byte. 


ss 
Scale Factor 


00 
x1 
01 
x2 
10 
x4 
11 
x8 


Index 
Index Register 


000 
EAX 
001 
ECX 


010 
EOX 


011 
ESX 
100 
no index reg" 
101 
ESP 
110 
ESI 
111 
EOI 


"IMPORTANT 
NOTE: 
When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 


ENCODING OF OPERATION 
DIRECTION (d) FIELD 


In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 


d 
Direction of Operation 


0 
Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 


1 
Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 


The s field occurs primarily to instructions with im- 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 


Effect on 
Effect on 
Immediate Data8 
Immediate Data 1613:1 


None 
None 


1 Sign-Extend Data8 to Fill 
None 
16-Bit or 32-Bit Destination 


ENCODING OF CONDITIONAL 
TEST (tttn) FIELD 


For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n= 0) or its negation (n= 1), 
and ttt giving the condition to test. 


Mnemonic 
Condition 
tttn 


0 
Overflow 
0000 


NO 
No Overflow 
0001 


BINAE 
BelowlNot Above or Equal 
0010 


NB/AE 
Not Below/Above or Equal 
0011 


E/Z 
Equal/Zero 
0100 


NEINZ 
Not EquallNot Zero 
0101 


BEINA 
Below or Equal/Not Above 
0110 


NBE/A 
Not Below or Equal! Above 
0111 


S 
Sign 
1000 


NS 
Not Sign 
1001 


PIPE 
Parity/Parity Even 
1010 


NP/PO 
Not Parity/Parity Odd 
1011 


LINGE 
Less ThanlNot Greater or Equal 
1100 


NL/GE 
Not Less Than/Greater or Equal 
1101 


LE/NG 
Less Than or Equal/Greater Than 1110 


NLE/G 
Not Less or Equal/Greater Than 
1111 


ENCODING OF CONTROL OR DEBUG 
REGISTER (eee) FIELD 


For the loading and storing of the Control and Debug 
registers. 


When Interpreted as Control Register Field 


t!eeCode 
Reg Name 


000 
CRO 


010 
Reserved 
011 
Reserved 


Do not use any other encoding 


eee Code 
Reg Name 


000 
DRO 


001 
DR1 


010 
DR2 


011 
DR3 


110 
DR6 


111 
DR? 


Do not use any other encoding 


Section 
1.0 


Section 4.4 


Section 4.6 


Section 
5.0 


Added 
FLT pin. 


Added 
description 
of FLOAT operation 
and ONCE Mode. Figure 4.20 is new. 


Added 
revision 
identifier 
information 
for change 
to CHMOS 
IV manufacturing 
process. 


Both packages 
now specified 
for 0°C-115°C 
case temperature 
operation. 
Thermal 
resist- 


ance values 
changed. 


lee Max. specifications 
changed 
from 400 mA (cold) and 360 mA (hot) to 275 mA (cold, 16 


MHz) and 305 mA (cold, 20 MHz). 


HLDA Valid Delay, t14, min. changed 
from 6 ns to 4 ns. Added 20 MHz A.C. specifications 
in 


Table 6.5. Replaced 
Capacitive 
Derating Curves i 
Figures 6.8-6.10 
to reflect 
new manufac- 


turing process. 
Replaced 
lee vs. Frequency 
data (Figure 6.11) to reflect 
new specifications. 


The sections 
significantly 
revised 
since version 
-002 are: 


Section 
1.0 
Modified 
table 
1.1. to list pins in alphabetical 
order. 


Section 
2.0 


Section 
2.1 


Section 
2.1 


Section 
2.3 


Section 
2.6 


Section 
2.8 


Section 
2.10 


Section 
3.0 


Section 
3.2 


Section 
3.2 


Section 
3.3 


Figure 2.0 was updated 
to show the 16-bit registers 
SI, 01, BP and SP. 


Figure 2.2 was updated 
to show the correct 
bit polarity 
for bit 4 in the CRO register. 


Tables 
2.1 and 2.2 were updated 
to include 
additional 
information 
on the EFLAGs 
and CRO 


registers. 


Figure 2.3 was updated 
to more accurately 
reflect the addressing 
mechanism 
of the 80376. 


In the subsection 
Maskable 
Interrupt 
a paragraph 
was added 
to describe 
the 
effect 
of 


interrupt 
gates on the IF EFLAGs 
bit. 


Table 2.7 was updated 
to reflect 
the correct 
power up condition 
of the CRO register. 


Figure 2.6 was updated 
to show the correct 
bit positions 
of the BT, BS and BD bits in the 


DR6 register. 


Figure 3.1 was updated 
to clearly 
show the address 
calculation 
process. 


The subsection 
DESCRIPTORS 
was elaborated 
upon to clearly 
define 
the relationship 
be- 


tween the linear address 
space and physical 
address 
space of the 80376. 


Figures 3.3 and 3.4 were updated 
to show the AVL bit field. 


The last sentence 
in the first paragraph 
of subHection 
PROTECTION 
AND 
1/0 
PERMIS- 


SION BIT MAP was deleted. 
This was an incorrElct statement. 


In the Subsection 
ADDRESS 
BUS (BHE, BLE, A23-A1 
last sentence 
in the first paragraph 


was updated 
to reflect 
the numerics 
operand 
addresses 
as 8000FCH 
and 8000FEH. 
Be- 


cause the 80376 sometimes 
does a double word I/O access 
a second 
access 
to 8000FEH 


can be seen. 


The Subsection 
Hold 
Lantencles 
was updated 
to describe 
how 32-bit 
and unaligned 
ac- 


cesses 
are internally 
locked 
but do not assert thl3 LOCK signal. 


Table 4.6 was updated 
to show the correct 
activi3 data bits during a BLE assertion. 


9.0 REVISION 
HISTORY 
(Continued) 


Section 4.4 
This section was updated to correctly reflect thElpipelining of the address and status of the 
80376 as opposed to "Address Pipelining" which occurs on processors such as the 80286. 
Table 4.7 was updated to show the correct Revision number, 05H. 
Table 4.8 was updated to show the numerics operand register 8000FEH. This address is 
seen when the 80376 does a DWORD operation to the port address 8000FCH. 
In the first paragraph the case temperatures were updated to reflect the 0·C-115·C for the 
ceramic package and 0·C-11 O·Cfor the plastic package. 
Table 6.2 was updated to reflect the Case Temperature under Bias specification of -65·C- 
120·C. 


Figure 6.8 vertical axis was updated to reflect "Output Valid Delay (ns)". 
Figure 6.11 was updated to show typical lee vs Frequency for the 80376. 
The clock counts and opcodes for various instructions were updated to their correct values. 
The section INSTRUCTION 
ENCODING 
was appended to the data sheet. 


Section 4.6 
Section 4.7 


Section 6.4 


Section 6.4 


Section 8.1 
Section 8.2 
• 


Intel387™ 
S>( 
MATH COPROCESSOR 


• 
New Automatic 
Power 
Management 
- 
Low Power Consumption 
- 
Typically 
100 mA in Dynamic 
Mode, 
and 4 mA in Idle Mode 


• 
Socket 
Compatible 
with Intel387 
Family 
of Math CoProcessors 
- 
Hardware 
and Software 
Compatible 
-Supported 
by Over 2100 Commercial 
Software 
Packages 
-10% 
to 15% Performance 
Increase 
on Whetstone 
and Livermore 
Benchmarks 


• 
Compatible 
with the Intel386TM SX 
Microprocessor 
- 
Extends 
CPU Instruction 
set to 
Include Trigonometric, 
Logarithmic, 
and Exponential 


• 
High Performance 
80-Blt Internal 
Architecture 


• 
Implements 
ANSI/IEEE 
Standard 
754-1985 
for Binary Floating-Point 
Arithmetic 


• 
Available 
in a 68-Pin PLCC Package 


See Intel Packaging Specification. Order #231369 


The Intel387™ 
SX Math CoProcessor 
is an extension 
to the Intel:386™ 
SX microprocessor 
architecture. 
The 
combination 
of the Intel387TM SX with the Intel386™ 
SX micropmcessor 
dramatically 
increases 
the process- 
ing speed of computer 
application 
software 
that utilizes high performance 
floating-point 
operations. 
An internal 
Power Management 
Unit enables 
the Intel387™ 
SX to perform 
those floating-point 
operations 
while maintain- 
ing very low power consumption 
for portable 
and desktop 
applications. 
The internal 
Power Management 
Unit 
effectively 
reduces 
power consumption 
by 95% when the device 
is idle. 


The Intel387TM SX Math CoProcessor 
is available 
in a 68-pin 
PLGC package, 
and is manufactured 
on Intel's 
advanced 
1.0 micron 
CHMOS 
IV technology. 


Intel386 
and Intel387 
are trademarks 
of Intel Corporation. 


The complete 
document 
for this product 
is available 
on Intel's 
"Delta-on-Demand" 
CD-ROM 
system 
and is in 
the 1994 Microprocessors 
Volume I handbook. 
To obtain a copy, contact your local Intel field sales office, Intel 
technical 
distributor 
or caI/1-BOO-54B-4725. 
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82355 
BUS MASTER INTERFACE CONTROLLER 
(BMIC) 
• Designed for use In 32-Blt EISA Bus 
• Supports Automatic 
Handling of 


Master Expansion Board Designs 
Complete EISA Bus Master Protocol 


-Integrates 
Three Interfaces 
- 
EISA Arbitration/Preemption 


(EISA, Local CPU, and Transfer 
- 
Cycle Timing and Execution 


Buffer) 
- 
Byte Alignment 
• Supports 16- and 32-Blt Burst Transfers 
- 
1K Boundary Detection 
- 
33 Mbytes/Sec 
Maximum Data 
• Supports Local Data Transfer Protocol 


Transfers 
Similar to Traditional 
DMA 
• Supports 32-Bit Non-Burst and 
• Supports a General Purpose Command 


Mismatched Data Size Transfers 
and Status Interface 
• Supports 32-Blt EISA Addressabllity 
- 
Local and EISA System Interrupt 


(4 Gigabyte) 
Support 
• Two Independent 
Data Transfer 
- 
General Purpose Information 
Transfers 
Channels with 24-Byte FIFOs 
- 
Set-and- Test-Functions 
In I/O Space 
- 
Expansion Board Timing and EISA 
(Semaphore Function) • 


Timing Operate Asynchronously 
- 
Supports the EISA Expansion Board 
• Supports Peek/Poke Operation with the 
1[> Function 
Ability to Access Individual Locations 
• Supports Decode of Slot Specific and 
in EISA Memory or I/O space 
General I/O Addresses 
• Automatically 
Handles Misaligned 
• 132·Pin JEDEC PQFP Package 
Doubleword 
Data Transfers with No 
(See 
Packaging 
Specification 
Order 
# 240800, 
Performance 
Penalty 
Package 
Type 
NG) 
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The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM system and is in 
the 1994 Peripherals handbook. To obtain a copy. contact your local Intel field sales office, Intel technical 
distributor or call 1-800-548-4725. 


September 
1993 


Order 
Number: 
290255-007 
3-97 
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82370 
INTEGRATED SYSTEM PERIPHERAL 


• 
High Performance 32-Bit DMA 
Controller for 16-Bit Bus 
-16 
MBytes/Sec Maximum Data 
Transfer Rate at 16 MHz 
- 
8 Independently Programmable 
Channels 


• 
20-Source Interrupt Controller 
-Individually 
Programmable Interrupt 
Vectors 
-15 
External, 5 Internal Interrupts 
- 
82C59A Superset 


• 
Four 16-Blt Programmable Interval 
Timers 
- 
82C54 Compatible 


• 
Software Compatible to 82380 


• 
Programmable Wait State Generator 
- 
0 to 15 Wait States Pipelined 
-1 
to 16 Wait States Non-Pipellned 


• 
DRAM Refresh Controller 
• 
80376 Shutdown Detect and Reset 
Control 
- 
Software/Hardware 
Reset 


• 
High Speed CHMOSIII Technology 


• 
100-Pin Plastic Quad Flat-Pack Package 
and '132-PinPin Grid Array Package 


(See 
Packaging 
Handbook 
Order 
# 240aOO-001, 
Package 
Type 
NG or Package 
Type 
A) 


• 
Optimized for Use with the 80376 
MlcrClprocessor 
- 
Re'sldes on Local Bus for Maximum 
Bus Bandwidth 
-16 
MHz Clock 


The 
82370 
is a multi-function 
support 
peripheral 
that 
integrates 
system 
functions 
necessary 
in an 80376 
environment. 
It has eight channels 
of high performance 
32-bit 
DtvlA (32-bit 
internal, 
16-bit external) 
with the 
most efficient 
transfer 
rates possible 
on the 80376 bus. System 
support 
peripherals 
integrated 
into the 82370 
provide 
Interrupt 
Control, 
Timers, 
Wait State generation, 
DRAM 
RElfresh Control, 
and System 
Reset logic, 


The 82370's 
DMA Controller 
can transfer 
data between 
devices 
of different 
data path widths 
using a single 
channel. 
Each DMA channel 
operates 
independently 
in any of sevoral 
modes. 
Each channel 
has a temporary 
data storage 
register 
for handling 
non-aligned 
data without 
the neEld for external 
alignment 
logic. 


16 - 
BIT PHYSICAL 
(:12 - BIT LOGICAL) 
a-CHANNEL 
Dt.4A 
CONTROLLER 


T1t.4ER 0 


T1t.4ER 1 


T1t.4ER 2 


T1t.4ER 3 


Internal Block Diagram 


The complete 
document 
for this product 
is available 
on Intel's 
"Data-on-Demand" 
CD-ROM system. 
To obtain 
a copy, contact 
your local Intel field sales office, 
Intel technical 
distributor 
or call 
1-800-548-4125. 


November 
1992 
3-98 
Order 
Number: 
290164-005 


82596DX AND 82!i96SX 
HIGH-PERFORMANCE 
32-BIT LOCAL 
AREA NETWORK COPI~OCESSOR 


• 
Performs Complete CSMA/CD Medium 
Access Control (MAC) Functions- 
Independently 
of CPU 
-IEEE 
802.3 (EOC) Frame Delimiting 
- 
HDLC Frame Delimiting 
• 
Supports Industry Standard LANs 
-IEEE 
TYPE 10BASE·T (TPE), 
IEEE TYPE 10BASE5 (Ethernet·), 
IEEE TYPE 10BASE2 (Cheapernet), 
IEEE TYPE 1BASE5 (StarLAN), 
and the Proposed Standard 
TYPE 10BASE·F 
- 
Proprietary 
CSMA/CD Networks Up 
to 20 Mb/s 
• 
On·Chlp Memory Management 
- 
Automatic 
Buffer Chaining 
- 
Buffer Reclamation after Receipt of 
Bad Frames; Optional Save Bad 
Frames 
- 
32·Blt Segmented or Linear (Flat) 
Memory Addressing 
Formats 
• 
82586 Software Compatible 
• 
Optimized CPU Interface 
- 
82596DX Bus Interface Optimized to 
Intel's 32·Blt 1386™DX 
- 
82596SX Bus Interface Optimized to 
Intel's 16·Blt 1386TMSX 
- 
Supports Big Endlan and Little 
Endlan Byte Ordering 


• 
Hlgh·Performance 
16·/32·Blt Bus 
Master Interface 
- 
615·MB/sBus Bandwidth 
- 
3:3·MHzClock, Two Clocks Per 
Transfer 
- 
Bus Throttle Timers 
- 
Transfers Data at 100% of Serial 
Bandwidth 
- 
1:28·Byte Receive FIFO, 64·Byte 
Transmit FIFO 


• 
Network Management and Diagnostics 
- 
Monitor Mode 
- 
3:2·Blt Statistical Counters 


• 
Self·Test Diagnostics 
• 
Conflgurable 
Initialization 
Root for Data 


StrUictures 


• 
Hlgh·Speed, 5·Y, CHMOS" 
IY 
Teclilnology 


• 
132··PlnPlastic Quad Flat Pack (PQFP) 
and PGA Package 


(See Packaging 
Specifications 
Order 
Number: 
240800-001, 


Package 
Type 
KU and A) 


i388TM is a trademark 
of Intel Corporation 
• Ethernet 
is a registered 
trademark 
of Xerox 
Corporation. 
··CHMOS 
is a patented 
process 
of Intel Corporation. 


r---------------------, 
r-------, 
r-------------" 
Serlol 
FIFO 
ParaU.t 
I 
Sub.ystem 
Subsystem 
Subsystem 
I 
I 
Control 
I LEISE 


Data 
Interface 
Un~ 
(DIU) 


I 
Address 
I 
I 
lB. 
Enobl. 
I 
----------------------~ 
Figure 1. 82596DX/SX Block Diagram 


The complete document for this prodqct is available on Intel's "Data-on-Demand" CD-ROM system and is in 
the 1994 Networking handbook. To obtain a copy, contact your local Intel field sales office, Intel technical 
distributor or caI/1-800-548-4725. 
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Order 
Number: 
290219-006 
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Inte1386TM AND Inte1486™ 
FAMIL Y 
DEVELOPMENT 
SUPPORT 


COMPREHENSIVE 
DEVELOPMENT 
SUPPORT 
FOR THE 
Inte1386™ 
AND Intel486™ 
FAMILIES 
OF MICROPROCESSORS 
The perfect complement to the Intel386TM and i486TMmicroprocessor family is a 
comprehensive 
development solution. Intel provides a complete, synergistic hardware 
and software development toolset, that delivers full acce3Sto the power ofthe Intel386 
and i486 microprocessor family architectures. 
Intel development tools are easy to use, yet powerful, with an up-date user interface and 
productivity boosting features such as symbolic debugging. Each tool is designed to help 
move your application from the lab to the market. 


If what interests you is getting the best product to market in as little time as possible, 
Intel is the choice. 


int'el. 


• Comprehensive 
support 
for the full 32 bit 
Intel386 and Intel486 microprocessor 
architectures-includes 
protected 
mode, 4 
gigabyte physical memory addressing, 
and 
Intel486 microprocessor 
on-chip cache and 
numerics 
• In-circuit 
emulators 
provide a standard 
windowed interface 
that is common across 
Intel debug tools and architectures 
• Emulators 
also feature 
a source line display 
and symbolics to allow debugging in the 
context ofthe 
original program 
• Intel high-level 
languages 
provide 
architectural 
extensions 
for manipulating 
hardware 
directly without 
assembly 
language 
routines 


• Languages 
provide a common object code 
format (Intel OMF386) that supports 
symbolic debug and permits 
the intermixing 
of modules written 
in various languages 
• ROM-able code is output directly from the 
language 
tools, significantly 
reducing 
the 
effort necessary 
to integrate 
software into 
the final target system 
• Extensive 
support for the Intel family of 
math coprocessors 
• Operation 
in OOS IBM PC AT and PS/2 
Model 60 and 80, running 
OOS. 
• 
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ASM-386/486 MACRO 
ASSEMBLER 
Intel's ASM 386 macro assembler for the 
Intel386 and Intel486 Families offers many 
features normally found only in high-level 
languages. The macro facility in ASM 386 
saves development time by allowing common 
program sequences to be coded only once. The 
assembly language is strongly typed, 
performing extensive checks on the usage of 
variables and labels. 


Other Intel ASM 386 features include: 
•• "High-level" assembler mnemonics to 
simplify the language 
••Structures 
and records for data 
representation 
•• Support for Intel's standard 
object code 
format for source-level symbolic debug, and 
for linking object modules from other 
Intel386 and Intel486 microprocessor 
languages 
••Full support for processor and math 
coprocessor instruction 
sets 
••A "MOD486" switch for support of the i486 
microprocessor instructions 
•• 16 bit or 32 bit address overrides 
••Supports development for Virtual 86, Real, 
286 Protected, and 386 Protected modes 


iC386/486 COMPILER 
Intel's iC-386 compiler combines the power of C 
programming 
language with special features 
for architectural 
support and code efficiency. 
The compiler produces code for Intel386 and 
Intel486 processors from C source files, and 
conforms to the 1989 ANSI standard 
(ANS 
X3.159-1989) for the C programming 
language. 
Key Intel iC-386 features include: 
••Controls to tailor the compilation for each 
step of your application development process 
•• In-line versions of many ANSI-standard 
library functions 
•• Expanded memory support (LIM Version 3.0 
and higher) for large applications 
•• Object code (including supplied run-time 
libraries) suitable for ROM 
••Three different levels of optimization 
••A choice ofthree 
segmentation 
memory 
models (small, compact, and flat) to create 
compact and efficient code 


•• In-line processor-specific functions and time- 


saving macros that provide access to the 
special features of the Intel386 and Intel486 
processors 
•• In-line floating-point instructions 
for the 
Intel387™ 
numerics coprocessor and 
Intel486 processor floating-point unit 


••Time-saving macros and functions to help 
assembly language routines interface with 
Intel's high-level programming 
languages 
••The standard 
C run-time library plus 
libraries for floating-point support and the 
iRMX@III C interface library 
•• An easy interface to Intel's non-C 
programming 
languages 
••Support for source-level debugging 
••Programming 
with subsystems, allowing 
mixed segmentation 
memory models 
•• Extensions to the 1989 ANSI C standard 
for 
compatibility with previous versions Intel C 
••Fast and efficient functions for common 
programming 
tasks 


PL/M-386/486 COMPILER 
Intel's PL/M-386 is a structured 
high-level 
system implementation 
language for the 
Intel386 and Intel486 Families. PL/M-386 
supports the implementation 
of protected 
operating system software by providing built- 
in procedures and variables to access the 
Intel386 and Intel486 architectures. 
For 
efficient code generation, 
PL/M-386 features 
four levels of optimization, a virtual symbol 
table, and four models of program size and 
memory usage. 
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Other Intel PL/M-386 features include: 
• The ability to define a procedure as an 


interrupt 
handler as well as facilities for 


generating 
interrupts 
• Direct support of input and output from 


microprocessor ports 
• Upward compatibility with Intel PL/M-86 


and PL/M-286 source code 
• A "MOD486" compiler switch for Intel486 
microprocessor instruction 
generation 


PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
and Intel486 architectures. 
For the 
development of systems software, PL/M-386 is 
a costeffective alternative 
to assembly 
language programming. 


FORTRAN-386/486 COMPILER 
Intel's FORTRAN-386 compiler is a cross- 
compiler that supports the entire Intel386 
family of components and Intel486 
microprocessors (when operating in the 386 
chip mode) microprocessors. 


FORTRAN-386 features high-level support for 
floating-point calculations, transcendentals, 
interrupt 
procedures, and run-time exception 


handling. FORTRAN-386 meets the ANSI 
FORTRAN-77 language subset specification 
and supports extensions endorsed by the 
Department 
of Defense (DOD),extensions that 
support programs written for the ANSI 
FORTRAN 66 standard, and extensions that 
support the Intel386 microprocessor and 
related numerics coprocessors. 
To aid in the development and debugging 
process, the compiler generates warning and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated Intel386 
microprocessor assembly-language 
instructions. 
Library routines are reentrant 


and ROMable. 


Other Intel FORTRAN-386 compiler features 
include: 
• Object code can be configured to reside in 


either RAM or ROM 
• The program code can be optimized for 


execution speed or memory size 
• Source-level debugging is supported via the 


rich symbolics provided in the object module 
format (Intel OMF386) 
• Support for the proposed REALMATH IEEE 


floating point standard 


RLL-386/486 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 


The RLL 386 relocation, linkage, and library 
tools feature comprehensive support ofthe full 
Intel386 and Intel486 architectures. 
The tools 


link separate modules, build object libraries, 
link in Intel387 support, build tasks to execute 
under protected mode, or multitasking, 
memory protected software. RLL-386 supports 
IOll-dable,linkable, and bootloadable Intel 
object module formats; and supports all 
segmentation 
models. RLL-386 consists ofthe 


following: 


Binder 
- 
for linking multiple object 
modules into a single program 
and resolving references between 
modules. 


Builder 
- 
for producing absolute object 
modules, assigning addresses, and 
creating protected mode data 
structures. 


Librarian - 
for creating and maintaining 
libraries of object modules. 


EMUL-387, NUM-387 NUMERICS 
SUPPORT LIBRARIES 
Intel's EMUL-387 and NUM-387 Numerics 
Libraries fully support the Inte1387™, Intel 
387 DX, Intel 387 SX math coprocessors and 
the Intel486 internal numerics unit-whether 
an actual math coprocessor is used in the fmal 
system or not. 


For Intel386 microprocessor based applications 
without a math coprocessor, EMUL-387, a 
numerics software emulator, will execute 
instructions 
as though the coprocessor were 


present. Its functionality 
is identical to that of 


the math coprocessor. It is ideal for 
prototyping and debugging floating-point 
application software independent 
of hardware. 


Further, this permits portability of application 
code regardless of the presence of math 
coprocessor hardware in target systems. 


For applications with a math coprocessor, 
NUM-387 numerics support library provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language users with enhanced 
numeric data processing capability. With the 
library, it is easy for programs to do floating 
point arithmetic. 
Programmers 
can bind in 


library modules to do trigonometric, 
logarithmic and other numeric functions. 


• 
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The user is guaranteed 
accurate, reliable 
results for all appropriate 
inputs. 
Intel's NUM-387 support library is a collection 
of four functionally distinct libraries: 
• Common elementary 
function library 
routines perform algebraic, logarithmic, 
exponential, trigonometric, 
and hyperbolic 
operations on real and complex numbers, as 
well as real-to-integer conversions; the 
routines extend the ranges of the coprocessor 
instructions 
• Initialization 
library routines set up the 
numerics processing environment 
for the 
Intel386 family of processors with an 
Inte1387, DX, or SX or true software 
emulator 
• Decimal conversion library routines convert 
floating-point numbers from one Inte1387, 
DX, or SX binary storage format to another, 
or from ASCII decimal strings to Inte1387, 
DX, or SX binary floating-point format and 
vice versa 
• Exception handling library routines make 
writing numerics exception handlers easier 
All support library modules are in Intel386 
microprocessor object module format (Intel 
OMF-386) so they can be linked with the object 
output of any Intel language. All routines are 
reentrant 
and ROMable. 
By using Intel's NUM-387, the user is 
guaranteed 
that the numeric software meets 
industry standard (ANSI/IEEE standard for 
binary floating point arithmetic, 
754-1985) and 
is portable, thus maintaining 
software 
investment. 
DB-386 Software 
Debugger 
Intel's DB-386 is a PC-based software 
development environment 
with source-level 
symbolic debug capabilities for object modules 
produced by Intel's assembler and high-level 
language compilers. This software debug 
environment 
allows Intel386 microprocessor 
code to be executed and debugged directly on a 
Intel386 DX or Intel386 SX microprocessor 
based PC, without any additional target 
hardware 
required. With Intel's standard 
windowed human interface, users can focus 
their efforts on finding bugs rather than 
spending time learning and manipulating 
the 
debug environment. 
Other Intel DB-386 features include: 
• A run-time interface allows protected-mode 
Intel386 microprocessor programs to be 
executed directly on a Intel386 DX or 
Intel386 SX microprocessor based PC 


• Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line i terface is also provided for more 
complex problems 
• Watch windows (which display user-specified 
variables), trace points, and breakpoints 
(including fixed, temporary, and conditional) 
can be set and modified as needed 
• The user can browse source and callstacks, 
observe processor registers, and access watch 
window variables by either pull down menus 
or by a single keystroke, using function keys 
• The user need not know whether a variable 
is an unsigned integer, a real, or a 
structure-the 
debugger uses the wealth of 
typing information available in Intel 
languages to display program variables in 
their respective type formats 
• DB-386 supports the Intel486 microprocessor 
when operated in the Intel386 
microprocessor mode 


Inte1386 and Intel486 Family 
In-Circuit 
Tools 
Intel in-circuit emulators are used in many 
different debug environments 
including the 
design and test of: PC BIOS software and 
motherboard hardware, Intel386 and Intel486 
based single board computers, and application 
and oper.3.tingsystem software for DOS-based, 
ROM-based, and UNIX-based systems. 


The Intel386 and Intel486 In-Circuit 
Emulators (ICETM)take advantage of exclusive 
Intel technology to provide accurate emulation 
for Intel's 80386 SX, 80386 DX, 80376, and 
80486 microprocessors. Special access to 
internal processor states provides information 
not available to emulators which simply 
monitor the external buses. Emulators which 
do not have access to the internal processor 
conditions cannot guarantee 
accurate display 
of instructions 
executed by the microprocessor. 
With an Intel In-circuit Emulator you can be 
certain that the emulator is displaying 
accurate execution history, even when 
executing code from the on-chip cache memory 
ofthe Inte1486. 


The DOS hosted Intel386 DX and Intel386 SX 
emulators feature a windowed, menu-driven, 
human interface which provides easy access to 
the powerful features ofthese emulators. This 
makes it easy for novice or infrequent 
users to 
get the most out of every debug session. This 
interface features multiple windows which 
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allow you to simultaneously 
view source code, 
assembly code, memory, trace, variables, 
and 


registers. 
This interface 
is fully symbolic when 


used with Intel languages. 


All of the emulators 
feature 
a combination 
of 


powerful and flexible breakpoints. 
The 
products 
use a combination 
of software 


breakpoints, 
hardware 
breakpoints, 
and on- 


chip debug registers 
to provide a rich set of 


recognition 
logic. Flexible breakpoints 
make it 


possible to set breakpoints 
on instruction 
execution 
and/or 
any possible bus event. 


Trace filtering 
provides the ability to select the 


information 
captured 
in the trace buffer. 
ICE-386 SX allows capture 
of solely bus cycle 


information 
or both bus cycle and execution 


information. 
In addition, the ICE-386 DX can 


filter wait-state 
information 
from the trace 
buffer. ICE-486 provides the most flexible trace 
collection by allowing capture 
of information 
by any combination 
of bus cycle type including 


filtering 
of wait states, by instructions 
only, or 
by both bus cycles and instructions. 


Other features 
of Intel emulators 
include: 
• Unparalleled 
support of the Inte1386 and 
Inte1486 architectures, 
notably the native 
protected 
mode 
• Emulation 
at clock speeds to 33 MHz, and 


full featured 
trigger and trace capabilities 
• The Intel386 family emulators 
are 


convertible 
using removable 
probes to 


support 
the 80386 DX and 80386 SX 


microprocessors. 
The Inte1486 processor is 
also supported 
via a product upgrade. 


Relocatable Expanded Memory 
Designed to enhance 
your existing ICE-486 and 


the ICD-486 debugger (REM486 is included 
with ICE-486 and an option for ICD-486). This 
optional 
relocatable 
expansion 
memory board 
adds 2 Mbyte of memory which the ICE or ICD 
can use in place of memory on the user target 
board. 


ONCE-386and Transmuter 
Adapters 


If you have a surface mount Inte1386 SX 
microprocessor 
design using lOO-pin PQFP 


parts, Intel ICE emulators 
have on-circuit 


emulation 
(ONCE) capability. 
With surface 


mounted 
components, 
the ICE-386 SX 


emulator 
cabling clamps over the part, tri- 


stating 
the component, 
and allowing the 


emulator 
to operate. This allows you to debug 


manufactured 
boards without 
resoldering. 
For 


early target 
load development, 
a transmuter 


adapter 
can be used. The transmuter 
provides 


a better 
connection 
technique 
for debugging 


systems where the adapter 
cable will have to 


be attached 
and removed many times (like in 


prototype 
development). 


ICD-486 In-Circuit Debugger 


The ICD-486 In-circuit 
Debugger provides a 
low-cost alternative 
for full speed in-target 


Intel486 development. 
ICD-486 implements 
a 


subset oflCE functionality 
including: 
symbolic 


debugging, 
debug of high-speed 
cached 


applications, 
software and debug register 


breakpoints, 
and in-circuit 
operation. 


Worldwide Service, Support, and 
Training 


To augment 
its developing 
tools, Intel offers 


field application 
engineering 
expertise, 
hotline 


technical 
support, and on-site service. 


Intel also offers Software Support which 
includes technical 
software information, 


automatic 
distributions 
of software and 


documentation 
updates, 
iCOMMENTS 


publication, 
remote diagnostic 
software, 
and 


development 
tools troubleshooting 
guide. 


Intel's 9O-day Hardware 
Support package 


includes technical 
hardware 
information, 


telephone 
support, warranty 
on parts, labor, 


material, 
and on-site hardware 
support. 


Intel Development 
Tools also offers a 3O-day, 


money-back 
guarantee 
to customers 
who are 


not satisfied after purchasing 
any Intel 


development 
tool. 


• 
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Component 
Host 
Product 
i486 
386 
386 
DOS 
DX 
SX 
3.x 'and 5.0 


ASM-386 Macro Assembler 
", 
", 
", 
"" 


iC-386 Compiler 
", 
", 
", 
"" 
PL/M-386 
Compiler 
", 
", 
", 
"" 
FORTRAN-386 
Compiler 
", 
", 
", 
"" 
RLL-386 Relocation, 
", 
", 
", 
"" 
Linkage, Library, 
Support 
Tools 


NUM-387 Libraries 
", 
", 
", 
"" 
EMUL-387 Libraries 
NA 
", 
", 
"" 
In-Circuit 
Emulators 
", 
", 
", 
"" 
In-Circuit 
Debugger 
", 
"" 
DB-386 Software Debugger 
", 
", 
", 
"" 


386/i486™ 
FAMILY 
DOS 
HOSTED 
DEVELOPMENT 
KIT 
ORDER CODES 
Software 
Order Codes 


All software supports 
386 and 486 
microprocessor 
families except where 


indicated. 


DKIT386C 
Compiler Software 
Development 
Kit (See 
following content 
list). 


D86ASM386NL 
ASM macro assembler 
for 
PC-DOS systems. 


D86C386NL 
DOS resident, 
ANSI standard 


(ANS X3.159-1989) C 
compiler. 


D86PLM386NL 
DOS resident 
PL/M compiler. 


D86FOR386NL 
DOS resident 
Fortan 
Compiler. 


D86RLL386NL 
DOS resident 
software 


development 
package. 


Contains 
Binder (for linking 
separately 
compiled modules), 


a Builder (for configuring 
protected 
multi-tasking 


systems), a cross reference 
Mapper, and a Librarian. 
Use 


this tool in conjunction 
with 


Intel's 80386 compilers and 
macro assembler. 


DB386 
DOS S/W debugger. 


The Intel Basic Software Development 
Kit for 
the DOS hosted environment 
includes: 


iC386 compiler 
ASM386 assembler 
RLL386 relocation 
linker and locator 


NUM387 numerics 
library 
EMUL387 math coprocessor emulator 
library 
DB386 software debugger 
OMF386LOAD loader development 
object 
module format documentation 
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IN-CIRCUIT TOOL ORDER 
CODES 


All In-eircuit 
emulator 
codes include: control 


unit, power supply, processor module, Stand- 
Alone Self Test board, bus Isolation 
Board, and 
DOS host software and serial interface 
cable. 


ICE386SX25V 
ICE-386 SX In-circuit 
emulator 
for the Intel386 
SX component 
to 25 MHz. 


pICE386SX20D 
ICE-386 SX In-eircuit 
emulator 
for the 80386 SX 
component 
to 20 MHz. 


pICE386DX25DZ 
ICE-386 DX In-eircuit 
emulator 
for the 80386 DX 


component 
to 25 MHz. 


ICE386DX33D 
ICE-386 DX In-eircuit 
emulator 
for the 80386 DX 


component 
to 33 MHz. 


ICD48650D 
In-eircuit 
debugger for the 
80486 microprocessor 
to 
50 MHz. 


ICE-486 In-eircuit 
emulator 
for the 80486 component 
to 
33 MHz. 


ICE CONVERSION KITS 
KBASECONC 
Converts ICE-486 to ICE- 
376, ICE-386 SX, or ICE-386 
DX. 
Converts ICE-386 SX or 
ICE-386 DX to ICE-486. 


, 


TOICE386SX20D 
Converts ICE-386 DX to 
ICE-386 SX 20 MHz. 


TOICE386DX25D 
Converts ICE-386 SX to 
ICE-386 DX 20 MHz. 


TOICE48633D 
Converts ICE-386 SX or 
ICE-386 DX to ICE-486 33 
MHz. 


ADDITIONAL TOOL ORDER 
CODES 


386SXONCE 
Kit 


REM486A 


100 pin PQFP to 132 pin 
PGA adaptor 
kit. 


2 Mbyte relocatable 
expansion 
memory option 


for ICD-486 (included with 
ICE-486). 


To order your Intel Development 
Tool product, 


for more information, 
or for the number 
of 


your nearest 
sales office or distributor, 
call 


800-874-6835 (North America). For literature 
on other Intel products call 800-548-4725 
(North America). Outside of North America, 
please contact your local Intel sales office or 
distributor 
for more information. • 


TRANS 
186 ~ 
376 ASSE:MBL Y CODE 
TRANSLATOR 


To Order TRANS 186 -+ 376 
Softvvare, contact your 
local In tel sales office 


TRANS 186 -. 
376 PRESERVES YOUR PROGRAMMING 


INVESTMENT 


When your embedded application 
outgrovvs the 8OCl86 family, TRANS 186 -+ 376 is 
ready to help you upgrade to the 376 Embedded Processor. TRANS 186 -+ 376 is a DOS- 
based tool to automate 
the translation 
oflntel 
ASM86 source code to ASM386 source 
code. This program 
can actually 
help protect the man-years 
of investment 
in your 


original 86 softvvare. 


TRANS 186 -. 
376 LOWERS THE 32-BIT BARRIER 


TRANS 186 -+ 376 accepts 16-bit source code vvritten for any member ofthe 
8086/8088 
and 80C186/80C188 
families. The output source code, with its 32-bit offsets, is suitable 
for 
Protected 
Mode execution 
on the 376 Embedded 
Processor or any 386, 386SX, or 486 
microprocessor. 
The time you save by recycling your softvvare can be applied tovvard 
system enhancements. 


You control TRANS 186 -+ 376 operation 
from either the DOS command line or a 
control file. Major control svvitches cover: 


• Choice of FLAT model or LARGE16 memory environment 
• Redefinition 
of segments 
• Optional 
32-bit data declaration 


TRANS 186 -+ 376 translates 
your routines 
on a line-by-line basis, converting 
as much 
code as possible. Whenever 
the tool does not have enough information 
to make 


conversions, 
it highlights 
the code section vvith messages, alerting 
you to edit by hand. 
TRANS 186 -+ 376 can vvrite the ASM86 source code as comments 
in the ASM386 source 
file for side-by-side comparison. 
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TRANS 
186 -+ 376 COMPLEMENTS 
OTHER DEVELOPMENT 
TOOLS 


Upon request, TRANS 186 - 
376 generates 
a build file for the Intel System Builder, BLD386. 


This allows you to get your software running 
with only minimal 
BLD386 experience. 
A 72-page 


manual 
accompanies 
the TRANS 186 - 
376 tool. The manual 
coverage includes: 


• Practical 
tips on the overall conversion 
process 
• Initializing 
the CPU and generating 
Protected 
Mode data structures 


• Producing 
code for emulators 
and debuggers 


Your 8OC186 experience 
can release the power of the 376 Embedded Processor with the TRANS 


186 - 
376 Assembly Language 
Translator 
as your partner. 


System requirements: 
PC AT' or compatible 
computer 
with PC-DOS' or MS-DOS" 
operating 


system version 3.0 or later, hard disk, and 512K RAM. 
• 
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Intel386™ CX 
EMBEDDED MICROPROCESSOR 
• Static Intel386TMCPU Core 
• High Performance 16-Bit Data Bus 
- 
Low Power Consumption 
-12,20,25 
MHz Clock 
- 
Operating Power Supply 
- 
Two-Clock Bus Cycles 
2.7V to 5.5V 
- 
Addr.ess Plpellning Allows Use of 
- 
Operating Frequency 
Slower, Inexpensive Memories 
12 MHz at 2.7V to 3.3V; 20 MHz at 
• Integrated Memory Management Unit 
3.0V to 3.6V; 
(MMU) 
25 MHz at 4.5V to 5.5V 
- 
Virtual Memory Support 
• Transparent Power-Management 
- 
Optional On-Chip Paging 
System Architecture 
- 
4 Levels of Hardware-Enforced 
- 
Intel System Management Mode 
F'rotection 
Architecture Extension for Truly 
- 
MMU Fully Compatible with Those of 
Compatible Systems 
t e 80286 and Intel386 DX 
- 
Power Management Transparent to 
Processors 
Operating Systems and Application 
• Virtual 8086.Mode Allows Execution of 
Programs 
8085 Software in a Protected and 
- 
Programmable Power-Management 
Paged System 
Modes 


Clock Freeze Mode Allows Clock 
• Large Uniform Address Space 
• 
- 
64 Megabyte Physical 
Stopping at Any Time 
- 
64 Terabyte Virtual 
• Full 32-Bit Internal Architecture 
- 
4 Gigabyte Maximum Segment Size 
- 
8-, 16-, 32-Bit Data Types 
• Numerics Support with Intel387TMSX 
- 
8 General Purpose 32-Bit Registers 
and Intel387 SL Math Coprocessors 
• Runs Intel386 Architecture Software In 
• On-Ghip Debugging Support Including 
a Cost Effective 16-Blt Hardware 
Breakpoint Registers 
Environment 
- 
Runs Same Applications and 
• Complete System Development 
Operating Systems as the Intel386 
Support 
SX and Intel386 DX Processors 
• High-Speed CHMOSTechnology 
- 
Object Code Compatible with 8086, 
• Two Package Types 
80186,80286, and Intel386 
Processors 
-100-Pin 
Plastic Quad Flatpack 
- 
100-PinShrink Quad Flatpack 


The Intel386 
CX embedded 
microprocessor 
is a 32-bit, fully static CPU with a 16-bit external 
data bus, a 26-bit 
external 
address 
bus, and Intel's 
System 
Management 
Mode 
(SMM). 
The Intel386 
CX CPU brings 
the vast 
software 
library 
of the Intel386 
architecture 
to embedded 
systems. 
It provides 
the performance 
benefits 
of 
32-bit programming 
with the cost savings 
associated 
with 16-bit hardware 
systems. 


Descriptor 
Register 


3-lnput 
Adder 


HOLD,RESET 
INTR, NMI 
ERROR# 
BUSY#,HLDA 


SMI#, SMI_ACT# 


'" 
'" 
:::> 
:::> 
III 
III 
'" 
M/IO#, D/C# 


C 
'" 
'" 
!!? 
•••• 


W/R#, LOCK# 


E 
u 
ADS#, NA# 
u 
'" 
« 
32 
u 
OJ 
(;; 
READY# 
a. 


'" 
'" 
c 
Barrel 
0 
::; 
MUXI 


Shifterl 
Decode 
Trans- •••• D15:0 
Adder 
and 
Instruction 
Prefetcherl 
ceivers 


Multiplyl 
Sequencing 
Decoder 
Limit 


Divide 
Checker 


Register 
Control 
3-Decoded 
16-Byte 


File 
ROM 
Instruction 
Code 


ALU 
Queue 
Queue 


Control 
Control 
Instruction 
InstrLction 
ALU 
Predecode 
Prefetch 


32 


DO 
Vss 
HLDA 
HOLD 
Vss 
NA# 
READY# 
Vcc 
Vcc 
Vcc 
Vss 
Vss 
Vss 
Vss 
CLK2 
ADS# 
BLE# 
A1 
BHE# 
NC 
Vcc 
Vss 
M/IO# 
D/C# 
W/R# 


A20 
A19 
A18 
A17 
Vcc 
A16 
Vcc 
Vss 
Vss 
A15 
A14 
A13 
Vss 
A12 
A11 
A10 
A9 
A8 
Vcc 
A7 
A6 
A5 
A4 
A3 
A2 • 


Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 


1 
DO 
26 
LOCK# 
5'1 
A2 
76 
A21 


2 
VSS 
27 
NC 
5') 
A3 
77 
VSS 
.- 
3 
HLOA 
28 
FLT# 
5:3 
A4 
78 
VSS 


4 
HOLD 
29 
NC 
54 
A5 
79 
A22 


5 
VSS 
30 
NC 
55 
A6 
80 
A23 


6 
NA# 
31 
NC 
50 
A7 
81 
015 


7 
REAOY# 
32 
VCC 
57 
VCC 
82 
014 


8 
VCC 
33 
RESET 
50 
A8 
83 
013 


9 
VCC 
34 
BUSY# 
59 
A9 
84 
VCC 


10 
VCC 
35 
VSS 
60 
A10 
85 
VSS 


11 
VSS 
36 
ERROR# 
61 
A11 
86 
012 


12 
VSS 
37 
PEREQ 
6') 
A12 
87 
011 
,. 


13 
Vss 
38 
NMI 
6~1 
Vss 
88 
010 


14 
Vss 
39 
VCC 
64 
A13 
89 
09 


15 
CLK2 
40 
INTR 
6'- 
A14 
90 
08 
,) 


16 
AOS# 
41 
VSS 
6tl 
A15 
91 
VCC 


17 
BLE# 
42 
VCC 
67 
VSS 
92 
,07 


18 
A1 
43 
SMLACT# 
6El 
VSS 
93 
06 


19 
BHE# 
44 
SMI# 
69 
Vcc 
94 
05 


20 
NC 
45 
A20M# 
70 
A16 
95 
04 


21 
VCC 
46 
A24 
71 
VCC 
96 
03 


22 
VSS 
47 
A25 
7" 
A17 
97 
VCC 
<, 


23 
M/IO# 
48 
VCC 
7~1 
A18 
98 
VSS 
24 
O/C# 
49 
Vss 
74 
A19 
99 
02 


25 
W/R# 
50 
VSS 
75 
A20 
100 
01 
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Table 
2 lists the Intel386 
CX Microprocessor 
pin descriptions. 
The following 
definitions 
are used in the pin 


descriptions: 


/I 
The named 
signal is active 
low. 


I 
Input signal. 


o 
Output 
signal. 


1/0 
Input and Output 
signal. 


P 
Power pin. 


G 
Ground 
pin. 


Symbol 
Type 
Pin 
Name and Function 


A20M/I(1) 
I 
45 
Address 
20 Mask controls 
the A20 address signal. When 


A20M /I is low, the CPU masks off (forces low) the internal 
A20 
physical address signal. This enables 
the CPU to run software 
that was developed 
using the 8086 address 
"wraparound" 


techniques. 
When A20M /I is high, A20 is available 
on the 


address 
bus. While the bus is floating, 
A20M /I has no effect on 
the A20 address signal. A20M /I should be deasserted 
during 
SMM if the SMM handlElr accesses 
more than 1 Mbyte of 


memory. 


A25:1(2) 
0 
47-46,80-79, 
Address 
Bus outputs 
physical 
memory or port 1/0 addresses. 


76-72, 
70, 66, 
64,62-58, 
56-51,18 


ADS/I 
0 
16 
Address 
Status indicates 
that the processor 
is driving a valid 
bus-cycle 
definition 
and address onto its pins (W IR /I, D/C /I, 


M/IO/l, 
BHE/I, 
BLE/I, 
and A25:1). 


BHE/I 
0 
19 
Byte High Enable indicates 
that the processor 
is transferring 
a 


high data byte. 


BLE# 
0 
17 
Byte Low Enable indicates 
that the processor 
is transferring 
a 


low data byte. 


BUSY# 
I 
34 
Busy indicates 
that the math coprocessor 
is busy. 


CLK2 
I 
15 
CLK2 provides 
the fundamental 
timing for the device. 


D/C# 
0 
24 
Data/Control 
indicates 
whether 
the current bus cycle is a data 


cycle (memory or I/O) or a control 
cycle (interrupt 
acknowledge, 


halt, or code fetch). When D/C /I is high, the bus cycle is a data 
cycle; when D/C# 
is low, the bus cycle is a control 
cycle. 


NOTES: 
1. This pin supports the additional features of the Intel386 ex Microprocessor; it is not present on the Intel386 SX Micro- 
processor. 
2. The A25:24 pins support the additional features of the Intel386 ex Microprocessor; they are not present on the Intel386 
SX Microprocessor. 
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Symbol 
Type 
Pin 
Name and Function 


D15:0 
I/O 
81-83,86-90, 
Data Bus inputs data during memory read, I/O read, and 


92-96, 
interrupt 
acknowledge 
cycles and outputs data during memory 


99-100,1 
and I/O write cycles. 


ERROR# 
I 
36 
Error 
indicates 
that the math coprocessor 
has an error 


condition. 


FLT# 
I 
28 
Float forces all bidirectional 
and output signals, including 
HLDA, 


• 
to a high-impedance 
state . 


HLDA 
0 
3 
Bus Hold Acknowledge 
indicates 
that the CPU has 


surrendered 
control 
of its local bus to another 
bus master. 


HOLD 
I 
4 
Bus Hold Request 
allows another 
bus master to request control 


of the local bus. 


INTR 
I 
40 
Interrupt 
Request 
i8 a maskable 
input that causes the CPU to 


suspend 
execution 
of the current program 
and then execute 
an 


interrupt 
acknowledge 
cycle. 


LOCK# 
0 
26 
Bus Lock 
prevents 
other system bus masters from gaining 


control 
of the system bus while it is active (low). 


M/IO# 
0 
23 
Memory /10 indicates 
whether 
the current bus cycle is a memory 


cycle or an input/output 
cycle. When M/IO# 
is high, the bus 


cycle is a memory cycle; when M/IO# 
is low, the bus cycle is an 


I/O cycle. 


NA# 
I 
6 
Next Address 
requests 
address 
pipelining. 


NC 
20,27, 
29-31 
No Connection 
should always be left unconnected. 
Connecting 


a NC pin may cause the processor 
to malfunction 
or cause your 


application 
to be incompatible 
with future steppings 
of the 


device. 


NMI 
I 
38 
Non-Maskable 
Interrupt 
Request 
is a non-maskable 
input that 


causes the CPU to suspend 
execution 
of the current program 


and execute 
an inter'upt 
acknowledge 
function. 


PEREa 
I 
37 
Processor 
Extenslcln 
Request 
indicates 
that the math 


coprocessor 
has data to transfer 
to the processor. 


READY# 
I 
7 
Bus Ready 
indicate8 that the current bus cycle is finished 
and 


the external 
device iB ready to accept more data from the 


processor. 


NOTES: 
1. This pin supports the additional features of the Intel386 ex Microprocessor; it is not present on the Intel386 SX Micro- 
processor. 
2. The A25:24 pins support the additional features of the Intel386 ex Microprocessor; they are not present on the Intel386 
SX Microprocessor. 
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Symbol 
Type 
Pin 
Name and Function 


RESET 
I 
33 
RESET suspends 
any operation 
in progress 
and places the 


processor 
into a known reset state. 


SMI#(1) 
I 
44 
System 
Management 
Interrupt 
invokes System 


Management 
Mode (SMM). SMI # is the highest priority 


interrupt. 
It is latched on its falling edge and it forces the 


CPU into SMM upon completion 
of the current instruction. 


SMI# 
is recognized 
on an instruction 
boundary 
and at each 


iteration for repeat string instructions. 
SM I# cannot 


interrupt 
LOCKed bus cycles or a currently 
executing 
SMM. 


If the processor 
receives 
a second SMI # while it is in SMM, 


it will latch the second SMI # on the SMI # falling edge. 
However, 
the processor 
must exit SMM by executing 
a 


Resume instruction 
(RSM) before it can service the second 


SMI#. 


SMIJCT#(1) 
0 
43 
System 
Managem1lmt Interrupt 
Active 
indicates 
that the 


processor 
is operating 
in System Management 
Mode 


(SMM). It is asserted 
when the processor 
initiates an SMM 


sequence 
and remains asserted 
(low) until the processor 


executes 
the Resume instruction 
(RSM). 


W/R# 
0 
25 
Write/Read 
indicates 
whether 
the current bus cycle is a 


write cycle or a read cycle. When W/R# 
is high, the bus 


cycle is a write cycle; when W/R# 
is low, it is a read cycle. 


Vee 
P 
8-10,21,32, 
System 
Power provides the nominal DC supply input. 


39,42,48,57, 
69,71,84,91, 


97 


Vss 
G 
2,5,11-14,22 
System 
Ground 
provides the OV connection 
from which all 


35,41, 49-50, 
inputs and outputs are measured. 


63,67-68, 


77-78, 85,98 


NOTES: 
1. This pin supports the additional features of the Intel386 ex Microprocessor; it is not present on the Intel386 SX Micro- 
processor. 
2. The A25:24 pins support the additional features of the Intel386 ex Microprocessor; they are not present on the Intel386 
SX Microprocessor. 
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This section describes the Intel386 CX Microproces- 
sor's instruction set and its component and revision 
identifiers. 


The Intel386 CX Microprocessor uses the same in- 
struction set as the Intel386 SX Microprocessor with 
the following exceptions. 


The Intel386 CX Microprocessor has one new in- 
struction (RSM). This Resume instruction causes the 
processor 
to 
exit 
System 
Management 
Mode 


(SMM). RSM requires 338 clocks per instruction 
(CPI). 


The 
Intel386 CX Microprocessor 
requires more 


clock cycles than the Intel386 SX Microprocessor to 
execute some instructions. Table 3 lists these in- 
structions and the Intel386 CX Microprocessor CPI. 
For the equivalent Intel386 SX Microprocessor CPI, 
refer to the "Instruction Set Clock Count Summary" 
table in the 
/nte/386TM 
SX 
Microprocessor 
data 


sheet (order number 240187). 
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To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its OXregister 
after rElset.The upper 8 bits of OX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 Architecture, while the upper nibble, 
02H, iclentifies the second member of the Intel386 
Microprocessor family.) 


The lower 8 bits of OX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track t at of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 CX Microprocessor is 09H. 


Clock Count 


Instruction 
Real Address 
Mode 
Protected 
Virtual 
Virtual 8086 Mode(1) 
or Virtual 8086 Mode 
Address 
Mode(3) 


POPA 
28 
35 


IN: 


Fixed Port 
27 
14 
7/29 


Variable Port 
28 
15 
8/29 


OUT: 


Fixed Port 
27 
14 
7/29 


Variable Port 
28 
15 
9/29 


INS 
30 
17 
9/32 


OUTS 
31 
18 
10/33 


REPINS 
31+6n(2) 
17+6n(2) 
10+ 6n/32 + 6n(2) 


REPOUTS 
30+8n(2) 
16+ 8n(2) 
10+8n/31 
+8n(2) 


HLT 
7 
7 


MOVea, reg 
10 
10 


NOTES: 
1. The clock count values in this column apply if I/O permission allows I/O to the port in virtual 8086 mode. If the I/O bit 4 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the /nte/386TM 
SX Microprocessor 
data sheet (order number 240187). 


2. n = the number of times repeated. 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 


Storage Temperature 
- 65°G to + 150 
0G 


Gase Temperature 
Under Bias 
- 65°G to + 11OOG 


Supply Voltage with Respect 
to Vss .. -O.5V 
to 6.5V 


Voltage 
on Other Pins 
-O.5V 
to Vcc + O.5V 
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NOTICE: 
This 
document 
contains 
information 
on 


products in the design phase of development. 
Do not 


finalize a design with this information. 
Revised infor- 


mation will be published when the product 
is avail- 


able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 
OPERATING CONDITIONS· 


Digital Supply Voltage 
(Vcel 
2.7V to 5.5V 


Gase Temperature 


Under Bias (TCASE) 
OOGto 1000G 


Operating 
Frequency 
(Fosel 
0 MHz to 25 MHz 


Table 
4. DC Characteristics 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


VIL 
Input Low Voltage 
-0.5 
O.3Vcc 
V 


VIH 
Input High Voltage 
0.7Vcc 
Vc:c + 0.5 
V 


VILC 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 


VIHC 
CLK2 Input High Voltage 
Vcc - 
0.6 
Vc:c + 0.3 
V 
Vcc = 2.7V to 3.6V 
Vcc - 
0.8 
Vc:c + 0.3 
V 
Vcc = 4.5V to 5.5V 


VOL 
Output Low Voltage 


IOL = 2 mA 
0,4 
V 


IOL = 0.5 mA 
0.2 
V 


VOH 
Output High Voltage 


IOH = -0.5mA 
Vcc - 
0,4 
V 
Vcc = 2.7V to 5.5V 


IOH = -0.1 
mA 
Vcc - 
0.2 
V 
Vcc = 2.7V to 3.6V 


III 
Input Leakage Current 
±15 
p.A 
o ~ VIN ~ Vcc 
(for all pins except PEREQ, BUSY 11, 
FLTI1, ERRORI1, A20MI1, SMII1) 


IIH 
Input Leakage Current 
150 
p.A 
VIH = 2.2V, Vcc = 2.7V 
(PEREQ) 
300 
p.A 
VIH = 5,4V, Vcc ~ 5.5V(1) 


IlL 
Input Leakage Current 
(Note 2) 


(BUSY 11, FLT 11, ERROR 11, A20M 11, 
-120 
p.A 
VIL = 0,45V, Vcc = 5.5V 


andSMII1) 
-130 
p.A 
VIL = 0.1'v, Vcc = 5.5V 


NOTES: 
1. PEREQ input has an internal weak PUll-downresistor. 
2. BUSY11, FLT*', SMI*', A20M and ERROR*' inputs each have an internal weak pull-up resistor. 
3. Icc max and ICCFmax measurement at worst-case frequency, VCCand temperature, with 50 pF output load. 
4. Icc typ and ICCFtyp are measured at nominal VCCand are not fully tested. 
5. Not fUlly tested. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


ILO 
Output leakage 
Current 
±15 
p.A 
0.45V ~ VOUT ~ Vcc 


Icc 
Supply Current 
(Notes 3, 4) 
ClK2 
= 50 MHz, ClK 
= 25 MHz 
280 
mA 
typ = 210 mA 
ClK2 
= 40 MHz, ClK 
= 20 MHz 
160 
mA 
typ = 120 mA 
ClK2 
= 24 MHz, ClK 
= 12 MHz 
100 
mA 
typ = 70 mA 


ICCF 
Standby Current (Freeze Mode) 
(Notes 3, 4) 
ClK2 
= 50 MHz, ClK 
= 25 MHz 
TBD 
p.A 
ICCFtyp = 20 p.A, VCC = 5V 
ClK2 
= 40 MHz, ClK 
= 20 MHz 
TBD 
p.A 
ICCFtyp = 10 p.A, VCC = 3.3V 
ClK2 
= 24 MHz, ClK 
= 12 MHz 
TBD 
p.A 
ICCFtyP = 10 p.A, Vcc = 3V 


CIN 
Input Capacitance 
10 
pF 
Fc = 1 MHz(5) 


COUT 
Output or I/O Capacitance 
12 
pF 
FC = 1 MHz(5) 


CCLK 
ClK2 Capacitance 
20 
pF 
Fc = 1 MHz(5) 


NOTES: 
1. PEREQ input has an internal weak pull-down resistor. 
2. BUSY#, FlT#, 
SMI#, A20M and ERROR# inputs each have an internal weak pull-up resistor. 
3. Ice max and IceF max measurement at worst-case frequency, Vce and temperature, with 50 pF output load. 
4. Icc typ and ICCFtyp are measured at nominal VCCand are not fully tested. 
5. Not fully tested. 


Table 5 lists output delays, input setup requirements, 
and 
input 
hold 
requirements. 
All AC specifications 
are 
relative 
to the 
ClK2 
rising 
edge 
crossing 
the 
Vcc/2 
level. 


Figure 
3 
shows 
the 
measurement 
points 
for 
AC 
specifications. 
Inputs must be driven to the indicated 
voltage 
levels 
when 
AC 
specifications 
are 
mea- 
sured. 
Output 
delays 
are 
specified 
with 
minimum 
and maximum 
limits measured 
as shown. 
The mini- 
mum delay times are hold times provided 
to external 
circuitry. 
Input setup and hold times are specified 
as 
minimums, 
defining 
the 
smallest 
acceptable 
sam- 
pling 
window. 
Within 
the 
sampling 
window, 
a syn- 
chronous 
input signal must be stable for correct 
op- 
eration. 


Outputs 
ADS#, 
W/R#, 
D/C#, 
MI/O#, 
LOCK # , 4 


BHE#, 
BLE#, 
A25:1, 
HLDA 
and 
SML...ACT# 
change 
only at the beginning 
of phase 
one. 
D15:0 
(write cycles) change 
only at the beginning 
of phase 
two. 


The READY #, HOLD, BUSY #, ERROR #, PEREa, 
FLT #, 
A20M # and 015:0 
(read cycles) 
inputs 
are 
sampled 
at the beginning 
of phase 
one. The NA # , 
INTR, SMI # and NMI inputs are sampled 
at the be- 
ginning 
of phase two. 


OUTPUTS 
(A25:1,BHE# 
BLE#,ADS#,MlIO# 
D/C#W/R#,LOCK# 
HLDA, SMLACT#) 


INPUTS 
(N/A#,INTR 
NMI,SMI#) 


INPUTS 
(READY#,HOLD 
FLT#,ERROR# 
BUSY#,PEREQ 
D15:0,A20M#) 


OUTPUTS 
(015:0) 


D~ 


LEGEND 
a· Vcc12 
A • Maximum Output Delay Spec 
B • Minimum Output Delay Spec 
C • Minimum Input Setup Spec 
o . Minimum Input Hold Spec 


25 MHz 
20 MHz 
12 MHz 


4.5Vto 
5.5V 
3.0Vto 
3.6V 
2.7Vto 
3.3V 
Test 


Symbol 
Parameter 
Condltlons(1) 
Mln 
Max 
Mln 
Max 
Mln 
Max 


(ns) 
(ns) 
(ns) 
(ns) 
(ns) 
(ns) 


Operating 
Frequency 
0 
25 
0 
20 
0 
12.5 
MHz(2) 


t1 
CLK2 
Period 
20 
25 
40 


t2a 
CLK2 
High Time 
7 
8 
11 
atVcc/2(3) 


t2b 
CLK2 
High Time 
4 
5 
7 
at Vcc 
- 
0.8V for HV, 


at Vcc 
- 
0.6V for LV(3) 


t3a 
CLK2 
Low Time 
7 
8 
11 
atVcc/2(3) 


t3b 
CLK2 
Low Time 
5 
6 
9 
atO.8V(3) 


t4 
CLK2 
Fall Time 
7 
8 
8 
Vcc 
- 
0.8V to 0.8V for HV, 


Vcc 
- 
0.6V to 0.8V for LV(3) 


t5 
CLK2 
Rise Time 
7 
8 
8 
0.8V to Vcc 
- 
0.8V for HV, 


0.8V to Vcc 
- 
0.6V for LV(3) 


t6 
A25:1 
Valid 
Delay 
4 
17 
4 
30 
4 
42 
CL = 50 pF(4) 


t7 
A25:1 
Float 
Delay 
4 
30 
4 
32 
4 
45 
(Note 
5) 


NOTES: 
4 


1. Throughout 
this table, 
HV refers 
to devices 
operating 
with Vcc 
= 4.5V to 5.5V. LV refers 
to devices 
operating 
with Vcc 


= 2.7V to 3.6V. 
2. Tested 
at maximum 
operating 
frequency 
and guaranteed 
by design 
characterization 
at lower operating 
frequencies. 


3. These 
are not tested. 
They are guaranteed 
by characterization. 


4. Tested 
with CL set at 50 pF. For the LV products, 
the t6 and t12 timings 
are guaranteed 
by design 
characterization 
with 


CL set at 120 pF and all other 
Note 4 timings 
are guaranteed 
with CL set at 75 pF. 


5. Float condition 
occurs 
when 
maximum 
output 
current 
becomes 
less than 
ILO in magnitude. 
Float delay is not fully tested. 


6. These 
inputs 
may be asynchronous 
to CLK2. 
The setup and hold specifications 
are given 
for testing 
purposes 
to ensure 


recognition 
within 
a specific 
CLK2 period. 


25 MHz 
20 MHz 
12 MHz 
4.5Vto 
5.5V 
3.0Vto 
3.6V 
2.7Vto 
3.3V 
Test 
Symbol 
Parameter 
Condltlons(1) 
Mln 
Max 
Mln 
Max 
Mln 
Max 
(ns) 
(ns) 
(ns) 
(ns) 
(ns) 
(ns) 


t8 
SHE#, SLE#, 
LoCK# 
Valid 
4 
17 
4 
30 
4 
36 
CL = 50 pF(4) 


Delay 


t8a 
SMI-ACT# 
Valid Delay 
4 
17 
4 
26 
4 
33 
CL = 50 pF(4) 


t9 
SHE #, SLE #, LOCK # Float 
4 
30 
4 
32 
4 
40 
(Note 5) 


Delay 


t10 
W/R#, 
M/lo#, 
D/C#, 
ADS# 
4 
17 
4 
26 
4 
33 
CL = 50 pF(4) 


Valid Delay 


t11 
W/R#, 
M/lo#, 
D/C#, 
ADS# 
4 
30 
4 
30 
4 
35 
(NoteS) 
Float Delay 


t12 
0-15:0 Write Data Valid Delay 
4 
23 
4 
38 
4 
50 
CL = 50 pF(4) 


t13 
D15:0 Write Data Float Delay 
4 
22 
4 
27 
4 
35 
(Note 5) 


t14 
HLDA Valid Delay 
4 
22 
4 
28 
4 
33 
CL = 50 pF(4) 


t15 
NA # Setup Time 
5 
5 
7 


t16 
NA # Hold Time 
3 
12 
21 


t19 
READY #, A20M # Setup Time 
9 
12 
19 


120 
READY #, A20M # Hold Time 
4 
4 
4 


121 
D15:0 Read Setup Time 
7 
9 
9 


NOTES: 
1. Throu9hout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with Vcc 
= 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For the LV products, the t6 and t12 timings are guaranteed by design characterization with 
CL set at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than 'LO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 


infel~ 


25 MHz 
20 MHz 
12 MHz 


4.5Vto 
5.5V 
3.0Vto 
3.6V 
2.7Vto 
3.3V 
Test 


Symbol 
Parameter 
Conditlons(1) 
Mln 
Max 
Mln 
Max 
Mln 
Max 


(na) 
(na) 
(ns) 
(na) 
(ns) 
(ns) 


t22 
015:0 
Read 
Hold Time 
5 
6 
6 


t23 
HOLD 
Setup 
Time 
9 
17 
26 


t24 
HOLD 
Hold Time 
3 
5 
7 


t25 
RESET 
Setup 
Time 
8 
12 
15 


t26 
RESET 
Hold Time 
3 
4 
6 


t27 
NMI, 
INTR 
Setup 
Time 
6 
16 
16 
(Note 
6) 


t27a 
SMI# 
Setup 
Time 
6 
16 
16 
(Note 
6) 


t28 
NMI, 
INTR 
Hold Time 
6 
16 
16 
(Note 
6) 


t28a 
SMI # Hold 
Time 
6 
16 
16 
(Note 
6) 


t29 
PEREQ, 
ERROR 
#, 
6 
14 
16 
(Note 
6) 


BUSY # , FL T # Setup 


Time 


t30 
PEREQ, 
ERROR 
#, 
5 
5 
5 
(Note 
6) 


BUSY#, 
FLT# 
Hold 


Time 


NOTES: 
1. Throughout 
this table, 
HV refers 
to devices 
operating 
with Vcc 
= 4.5V to 5.5V. LV refers 
to devices 
operating 
with Vcc 


= 2.7V to 3.6V. 
2. Tested 
at maximum 
operating 
frequency 
and guaranteed 
by design 
characterization 
at lower operating 
frequencies. 


3. These 
are not tested. 
They are guaranteed 
by characterization. 
4. Tested 
with CL set at 50 pF. For the LV products, 
the t6 and t12 timings 
are guaranteed 
by design 
characterization 
with 


CL set at 120 pF and all other 
Note 4 timings 
are guaranteed 
with CL set at 75 pF. 


5. Float condition 
occurs 
when 
maximum 
output 
current 
becomes 
less than 
ILO in magnitude. 
Float delay 
is not fully tested. 


6. These 
inputs 
may be asynchronous 
to CLK2. 
The setup and hold specifications 
are given for testing 
purposes 
to ensure 


recognition 
within 
a specific 
CLK2 period. 
• 


CPU Output 0---1 


CL 


A = Vcc -.8 for Vcc = 4.5 - 5.5, Vcc -.6 for Vcc = 2.7 - 3.6 
B = Vccl2 
C=.8V 


intel~ 


REAOY# 
A20M# 


015:0 
(Input) 


BUSY# 
t29 


ERROR# 
PEREQ 
FLT# 


NA# 


INTR 
NMI 
SMI# 
• 


intel~ 


BHE#, BLE# 
LOCK# 
SMI_ACT# 


W/R#, M/IO# 
D/C#, ADS# 


D15:0 
(Output) 


intel~ 


BHE#, BLE# 
LOCK# 


W/R#, 
MlIO# 
D/C#, ADS# 


TlorT1 


PH1 
PH2 


- ------ 
(HighZ) 


t11 
Min 
Max 
t10 
Min 
Max 
- ------ 
(HighZ) 


t7 
Min 
Max 
.ts 
Min 
Max 
- --------- 
(HighZ) 


t13 
Min 
Max 
t12 
Min 
Max 


t13 Also applies to data float when write 
cycle is followed by read or idle. 


'''~ 
__ •• 
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• Static Intel386TM CPU Core 
• Integrated 
Memory Management Unit 
- 
Low Power Consumption 
- 
Virtual Memory Support 
- 
Operating Power Supply 
- 
Ol)tlonal On-Chip Paging 


2.7V to 5.5V 
- 
4 I.evels of Hardware-Enforced 
- 
Operating Frequency 
Protection 


16 MHz at 2.7V to 3.3V; 
- 
MMU Fully Compatible with Those of 
20 MHz at 3.0V to 3.6V; 
thllt 80286 and Intel386 OX 
25 MHz at 4.5V to 5.5V 
Processors 


• Transparent 
Power-Management 
• Virtual 8086 Mode Allows Execution of 
System Architecture 
8086 Software In a Protected and 
-Intel 
System Management Mode 
Paged System 


Architecture 
Extension for Truly 
• Larg1ilUniform Address Space 
Compatible Systems 
- 
64 Megabyte Physical 
- 
Power Management Transparent to 
- 
64 Terabyte Virtual 
Operating Systems and Application 
- 
4 Cllgabyte Maximum Segment Size 
Programs 
- 
Programmable 
Power-Management 
• Numarlcs Support with Intel387™ SX 
Modes 
and Intel387 SL Math Coprocessors 
• Powerdown 
Mode 
• On-Chip Debugging Support Including 
- 
Clock Stopping at Any Time 
Breali(polnt Registers 


-Only 
10-20 p..ATypical CPU Sink 
• Coml,lete System Development 
Current 
Support 
• Full 32-Bit Internal Architecture 
• High Speed CHMOS Technology 
- 
8-, 16-, 32-Blt Data Types 
• Two Package Types 
- 
8 General Purpose 32-Blt Registers 
-132-Pln 
Plastic Quad Flatpack 
• Runs Intel386 Architecture 
Software In 
- 
144-Pln Thin Quad Flatpack 
a Cost Effective 
16-Blt Hardware 


Environment 
• Integrated 
Peripheral Functions 
- 
Runs Same Applications 
and 
- 
Clock and Power Management Unit 
Operating Systems as the Intel386 
- 
Chip Select Unit 


SX and Intel386 OX Processors 
-Interrupt 
Control Unit 


- 
Object Code Compatible with 8086, 
- 
Tlrner/Counter 
Unit 


80186,80286, and Intel386 
- 
Wntchdog Timer Unit 


Processors 
- 
Asynchronous 
Serial I/O Unit 


- 
Synchronous 
Serial I/O Unit 
• High Performance 
16-Blt Data Bus 
- 
Parallel I/O Unit 


- 
Two-Clock Bus Cycles 
- 
OllilA and Bus Arbiter Unit 
- 
Address Pipelinlng Allows Use of 
- 
Refresh Control Unit 


Slower, Inexpensive Memories 
- 
JTAG Boundary SCan Unit 


The Intel386 
EX Embedded 
Microprocessor 
is a highly integrated, 
~12·bitfUlly static CPU optimized 
for embed· 


ded control 
applications. 
With a 16-bit external 
data bus, a 26·bit 
external 
address 
bus, and Intel's 
System 
Management 
Mode (SMM), the Intel386 
EX brings the vast softwar,a library of Intel386 
architecture 
to embed· 
ded systems. 
It provides 
the performance 
benefits 
of 32-bit programming 
with the cost savings associated 
with 
16-bit hardware 
systems. 


Intel386™ EX Embedded Microprocessor 
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DMA 
~ 
Bus Interface 
Chip Select 
Unit 
- 
~ 
Unit 
Unit 
- 
- 
Address 


<J) 
<J) 
<J) 
~ 
~ 


<J) 
.l!! 
"0 
~ 
"0 
0 
"0 
III 
~ 


"0 
0 
~ 
<: 
Ii! 
JTAG 
0 
0 
Ii! 
Boundary Scan Unit 
E 
E 
Q) 


Q) 
Q) 
.c 
Q) 
~ 
.c 
c. 
~ 
c. 
0t: 


":ij 


Q)0. 
0. 


Clock I Power 
Management 
Unit 


- 
DRAM Refresh 
Unit 
CPU 
- 
Watchdog Timer 
-- 
Unit 


Serial 
- 
Communications 
- 
Unit 


Interrupt 
Timer I Counter 
Control 
Unit 
Unit 


UCS' 
LCS' 
VSS 
REFRESH' 
00 
01 
02 
03 
VCC 
D4 
05 
De 
07 
08 
VCC 
D9 
VSS 
010 
011 
012 
013 
VCC 
014 
015 
TOO 
TOI 
TMS 
MIlOt 
OIC. 
WIR. 
VSS 
REAOYt 
BS8t 


FLU 
OSR11STXCLK 
VSS 
lNT7fTMRGATEl 
INT6ITh1RCLKl 
INTSfTMRGATEO 
INT4fTMRCLKO 
BUSYtfTMRGATE2 
ERROR.fTMROUT2 
NMI 
PEREOITMRCLK2 
VCC 
P3.7ICOMCLK 
P3.6IPWRDOWN 
P3.5IINT3 
P3.4IINT2 
VSS 
P3.3IlNTl 
VCC 
P3.2IlNTO 
RTS1tISSIOTX 
RI1tISSIORX 
OTR1tISRXCLK 
TCK 
VCC 
P3.1fTMROUTl 
P3.OfTMROUTO 
SMIt 
A25 
A24 
VSS 
A23 
A22 • 


Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 


1 
UCS# 
34 
RO# 
67 
A22 
100 
P1.0/0COO# 


2 
LCS# 
35 
WR# 
68 
A23 
101 
P1.1/RTSO# 


3 
VSS 
36 
VSS 
69 
VSS 
102 
VSS 


4 
REFRESH# 
37 
BLE# 
70 
A24 
103 
P1.2/0TRO# 


5 
DO 
38 
BHE# 
71 
A25 
104 
P1.3/0SRO# 


6 
01 
39 
AOS# 
72 
SMI# 
105 
P1.4/RI0# 


7 
02 
40 
NA# 
73 
P3.0/TMROUTO 
106 
P1.5/LOCK# 


8 
03 
41 
A1 
74 
P3.1/TMROUT1 
107 
P1.6/HOLO 


9 
VCC 
42 
VCC 
75 
VCC 
108 
VCC 


10 
04 
43 
A2 
76 
TCK 
109 
RESET 


11 
05 
44 
A3 
77 
OTR1#/SRXCLK 
110 
P1.7/HLOA 


12 
06 
45 
A4 
78 
RI1 #/SSIORX 
111 
OACK1/TX01 


13 
07 
46 
A5 
79 
RTS1 # /SSIOTX 
112 
EOP#/CTS1 
# 


14 
08 
47 
A6 
80 
P3.2/INTO 
113 
WOTOUT 


15 
VCC 
48 
VCC 
81 
VCC 
114 
VCC 


16 
09 
49 
A7 
82 
P3.3/INT1 
115 
CLK2 


17 
VSS 
50 
VSS 
83 
VSS 
116 
VSS 


18 
010 
51 
A8 
84 
P3.4/INT2 
117 
ORQO/OC01 
# 


19 
011 
52 
A9 
85 
P3.5/INT3 
118 
ORQ1/RX01 


20 
012 
53 
A10 
86 
P3.6/PWROOWN 
119 
TRST# 


21 
013 
54 
A11 
87 
P3.7/COMCLK 
120 
SMI-ACT# 


22 
VCC 
55 
VCC 
88 
VCC 
121 
VCC 


23 
014 
56 
A12 
89 
PEREQ/TMRCLK2 
122 
PH2P 


24 
015 
57 
A13 
90 
NMI 
123 
P2.0/GCSO# 


25 
TOO 
58 
A14 
91 
ERROR 
IF /TMROUT2 
124 
P2.1/GCS1 
# 


26 
TOI 
59 
A15 
92 
BUSY # /TMRGATE2 
125 
P2.2/GCS2# 


27 
TMS 
60 
A16/CASO 
93 
INT4/TMRCLKO 
126 
P2.3/GCS3# 


28 
M/IO# 
61 
A17/CAS1 
94 
INT5/TMRGATEO 
127 
P2.4/GCS4# 


29 
O/C# 
62 
A18/CAS2 
95 
INT6/TMRCLK1 
128 
OACKO/GCS5# 


30 
W/R# 
63 
A19 
96 
INT7/TMRGATE1 
129 
P2.5/RXOO 


31 
VSS 
64 
VSS 
97 
VSS 
130 
VSS 


32 
REAOY# 
65 
A20 
98 
OSR1/STXCLK 
131 
PZ.6/TXOO# 


33 
BS8# 
99 
FLT# 
132 
P2.7/CTSO# 


UC51 
Lest 
VSS 
REFRESH'00 
01 
02 
03 
VCC 
04 
VSS 
05 
De 
07 
OS 
VCC 
OS 
VSS 
010 
011 
012 
013 
VCC 
014 
VSS 
015 
TOO 
TOI 
TMS 
MIlOt 
DICI 
WIR, 
VSS 
READYI 
BS8I 
VSS 


VSS 
FLTI 
oSR11STXCLK 
VSS 
INT7fTMRGATEl 
INT6fTMRCLKl 
INTSfTMRGATEO 
INT4fTMRCLKO 
BUSYlfTMRGATE2 
ERRORlfTMR0UT2 
NMI 
VSS 
PEREQfTMRCLK2 
VCC 
P3.7/COMCLK 
P3.6IPWRDOWN 
P3.5IINT3 
P3.4IINT2 
VSS 
P3.3IINTl 
VCC 
P3.2IINTO 
RTSlt1SSI0TX 
Rll'ISSIORX 
DTR1'ISRXCLK 
VSS 
TCK 
VCC 
P3.1fTMROUTl 
P3.OfTMROUTO 
SMII 
A25 
A24 
VSS 
A23 
A22 


intel~ 


Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 


1 
UCS# 
37 
RO# 
73 
A22 
109 
P1.0/0COO# 


2 
LCS# 
38 
WR# 
74 
A23 
110 
P1.1/RTSO# 


3 
VSS 
39 
VSS 
75 
VSS 
111 
VSS 


4 
REFRESH# 
40 
BLE# 
76 
A24 
112 
P1.2/0TRO# 


5 
DO 
41 
BHE# 
77 
A25 
113 
P1.3/0SRO# 


6 
01 
42 
AOS# 
78 
SMI# 
114 
P1.4/RI0# 


7 
02 
43 
NA# 
79 
P3.0/TMROUTO 
115 
P1.5/LOCK# 


8 
03 
44 
A1 
80 
P3.1/TMROUT1 
116 
P1.6/HOLO 


9 
VCC 
45 
VCC 
81 
VCC 
117 
Vcc 


10 
04 
46 
A2 
82 
TCK 
118 
RESET 


11 
VSS 
47 
VSS 
83 
VSS 
119 
Vss 


12 
05 
48 
A3 
84 
OTR1#1SRXCLK 
120 
P1.7/HLOA 


13 
06 
49 
A4 
85 
RI1 # ISSIORX 
121 
OACK1/TX01 


14 
07 
50 
A5 
86 
RTS1 #/SSIOTX 
122 
EOP#/CTS1# 


15 
08 
51 
A6 
87 
P3.2/INTO 
123 
WOTOUT 


16 
VCC 
52 
VCC 
88 
VCC 
124 
VCC 


17 
09 
53 
A7 
89 
P3.3/1NT1 
125 
CLK2 


18 
VSS 
54 
VSS 
90 
VSS 
126 
VSS 


19 
010 
55 
A8 
91 
P3.4/INT2 
127 
OROO/OC01# 


20 
011 
56 
A9 
92 
P3.5/1NT3 
128 
OR01/RX01 


21 
012 
57 
A10 
93 
P3.6/PWROOWN 
129 
TRST# 


22 
013 
58 
A11 
94 
P3.7/COMCLK 
130 
SMIJCT# 


23 
VCC 
59 
VCC 
95 
VCC 
131 
VCC 


24 
014 
60 
A12 
96 
PEREO fTMRCLK2 
132 
PH2P 


25 
VSS 
61 
VSS 
97 
VSS 
133 
VSS 


26 
015 
62 
A13 
98 
NMI 
134 
P2.0/GCSO# 


27 
TOO 
63 
A14 
99 
ERROR # ITMROUT2 
135 
P2.1/GCS1 
# 


28 
TOI 
64 
A15 
100 
BUSY #/TMRGATE2 
136 
P2.2/GCS2# 


29 
TMS 
65 
A16/CASO 
101 
INT4/TMRCLKO 
137 
P2.3/GCS3# 


30 
M/IO# 
66 
A17/CAS1 
102 
INT5/TMRGATEO 
138 
P2.4/GCS4# 


31 
O/C# 
67 
A18/CAS2 
103 
INT6/TMRCLK1 
139 
OACKO/GCS5# 


32 
W/R# 
68 
A19 
104 
INT7/TMRGATE1 
140 
P2.5/RXOO 


33 
VSS 
69 
VSS 
105 
VSS 
141 
VSS 


34 
REAOY# 
70 
A20 
106 
OSR1/STXCLK 
142 
P2.6/TXOO# 


35 
BS8# 
71 
A21 
107 
FLT# 
143 
P2.7/CTSO# 


36 
VSS 
72 
VSS 
108 
VSS 
144 
VSS 


Table 
3 lists the Intel386 
EX microprocessor 
pin descriptions. 
The following 
definitions 
are used in the pin 


descriptions: 


# 
The named 
signal is active 
low. 


I 
Standard 
CMOS 
Input signal. 


o 
Standard 
CMOS Output 
signal. 


1/0 
Input and Output 
signal. 


1/00 
Input and Open-Drain 
Output 
signal. 


ST 
Schmitt-Triggered 
Input signal. 


P 
Power pin. 


G 
Ground 
pin. 


Symbol 
Type 
Name and Function 


A25:1 
0 
Address 
Bus outputs 
physical 
memory or port 1/0 addresses. 
These signals are 
valid when ADS# 
is active and remain valid until the next T1, T2P, or Ti. During 


HOLD cycles they are driven to a high-impedance 
state. A 18: 16 are multiplexed 
with 
CAS2:0. 


ADS# 
0 
Address 
Status indicates 
that the processor 
is driving a valid bus-cycle 
definition 
and address 
(W/R#, 
D/C#, 
M/IO#, 
A25:1, I3HE#, 
BLE#) 
onto its pins . 


BHE# 
0 
Byte High Enable indicates 
that the processor 
is transferring 
a high data byte. 


BLE# 
0 
Byte Low Enable indicates 
that the processor 
is transferring 
a low data byte. 


BS8# 
I 
Bus Size indicates 
that an 8-bit device is currently 
being addressed. 


BUSY# 
I 
Busy indicates 
that the math coprocessor 
is busy. If BUSY # is sampled 
low at the 
falling edge of RESET, the processor 
performs 
an internal self test. BUSY # is 


multiplexed 
with TMRGATE2. 


CAS2:0 
0 
Cascade 
Address 
carries the slave address 
information 
from the 8259A master 
interrupt 
module during interrupt 
acknowledge 
bus cycles. CAS2:0 are multiplexed 
with A18:16. 


CLK2 
ST 
Clock Input is connected 
to an external 
clocl( that provides 
the fundamental 
timing 
for the device. 


COMCLK 
I 
Serial Communications 
Baud Clock is an alternate 
clock source for the 
asynchronous 
serial port. COMCLK 
is multiplElxed with P3.7. 


CTS1:0# 
I 
Clear to Send 1 and 0 prevent the transmissIon 
of data to the asynchronous 
serial 


port's RXD1 and RXDO pin, respectively. 
CTS1 # is multiplexed 
with EOP#, 
and 


CTSO# 
is multiplexed 
with P2.7. CTS1 # requires an external 
pull-up resistor. 
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Symbol 
Type 
Name alnd Function 


015:0 
I/O 
Data Bus inputs data during memory read, I/O read, and interrupt 
acknowledge 


cycles and outputs data during memory and I/O write cycles. During writes, this bus 
is driven during phase 2 of T1 and remains active until phase 2 of the next T1, T1 P, 
or Ti. During reads, data is latched on the falling edge of phase 2. 


DACK1:0 
0 
DMA Acknowledge 
1 and 0 signal to a 
external 
device that the processor 
has 


acknowledged 
the corresponding 
DMA request and is relinquishing 
the bus. DACK1 


is multiplexed 
with TXD 1, and DACKO is multiplexed 
with GCS5 # . 


D/C# 
0 
Data/Control 
indicates 
whether 
the current bus cycle is a data cycle (memory 
or 
I/O read or write) or a control 
cycle (interrupt 
acknowledge, 
halt, or code fetch). 


DCD1:0# 
I 
Data Carrier 
Detect 
5101 and 5100 indicate that the modem or data set has 


detected 
the corresponding 
asynchronous 
serial channel's 
data carrier. DCD1 # is 


multiplexed 
with DRQO, and DCDO# 
is multiplexed 
with P1.0. 


DRQ1:0 
I 
DMA External 
Request 
1 and 0 indicate that a peripheral 
requires 
DMA service. 


DRQ1 is multiplexed 
with RXD1, and DFlQO is multiplexed 
with DCD1 #. 


DSR1:0# 
I 
Data Set Ready 5101 and 5100 indicate that the modem or data set is ready to 
establish 
a communication 
link with the corresponding 
asynchronous 
serial channel. 


DSR1 # is not multiplexed; 
DSRO# 
is multiplexed 
with P1.3. 


DTR1:0# 
0 
Data Terminal 
Ready 5101 and 5100 indicate that the corresponding 


asynchronous 
serial channel 
is ready to establish 
a communication 
link with the 


modem or data set. DTR 1# is multiplexed 
with SRXCLK, and DTRO # is multiplexed 


with P1.2. 


EOP# 
1/00 
End of Process 
indicates 
that the processor 
has reached 
terminal 
count during a 


DMA transfer. 
An external 
device can also pull this pin low. EOP# 
is multiplexed 


withCTSH. 


ERROR# 
I 
Error indicates 
that the math coprocessor 
has an error condition. 
ERROR # is 
multiplexed 
with TMROUT2. 


FLT# 
I 
Float forces all bidirectional 
and output signals, including 
HLDA, to a high- 


impedance 
state. 


GCS5:0# 
0 
General 
Chip Selects 
are activated 
when the address of a memory or I/O bus 


cycle is within the address region programmed 
by the user. GCS5 # is multiplexed 
with DACKO, and GCS4:0# 
are multiplElxed with P2.4:0. 


HLDA 
0 
Bus Hold Acknowledge 
indicates 
that the processor 
has surrendered 
control 
of its 
local bus to another 
bus master. HLDA remains active until HOLD is deasserted. 


HLDA is multiplexed 
with P1.7. 


HOLD 
I 
Bus Hold Request 
allows another 
bus master to request control 
of the local bus. 
HLDA active indicates 
that bus control 
as been granted. 
HOLD is multiplexed 
with 


P1.6. 


Symbol 
Type 
Name and Function 


INT7:0 
I 
Interrupt 
Requests 
are maskable 
inputs that cause the CPU to suspend 


execution 
of the current program 
and then execute 
an interrupt 
acknowledge 


cycle. They are multiplexed 
as follows: 
INT7 with TMRGATE1, 
INT6 with 


TMRCLK1, 
INT5 with TMRGATEO, 
INT 4 with TMRCLKO, and INT3:0 with P3.5:2. 


LCS# 
0 
Lower Chip Select is activated 
when the address of a memory or I/O bus cycle is 


within the address 
region programmed 
by the user. LCS # is inactive after reset. 


LOCK# 
0 
Bus Lock prevents 
other bus masters from gaining control 
of the system bus. 


LOCK # is multiplexed 
with P1.5. 


M/IO# 
0 
MemoryllO 
Indicates 
whether 
the current bus cycle is a memory cycle or an I/O 


cycle. When M/IO# 
is high, the bus cycle is a memory cycle; when M/IO# 
is low, 


the bus cycle is an I/O cycle. 


NA# 
I 
Next Address 
requests 
address pipelining. 


NMI 
ST 
Non-Maskable 
Interrupt 
Request 
is a non-maskable 
input that causes the CPU 


to suspend 
execution 
of the current program 
and execute 
an interrupt 


acknowledge 
cycle. 


PEREO 
I 
Processor 
Extension 
Request 
indicates 
that the math coprocessor 
has data to 
transfer 
to the processor. 
PEREO is multiplexed 
with TMRCLK2. 


PHCLK 
0 
Peripheral 
Clock represents 
the processor's 
internal operating 
frequency. 
The 
PHCLK frequency 
decreases 
when the processor 
is in power save mode . 


P1.7:0 
I/O 
Port 1, Pins 7:0 are multipurpose 
bidirectional 
port pins. They are multiplexed 
as 


follows: 
P1.7 with HLDA, P1.6 with HOLD, P1.5 with LOCK#, 
P1.4 with RIO#, 
P1.3 with DSRO #, P1.2 with DTRO #, P1.1 with RTSO #, and P1.0 with DCDO #. 


P2.7:0 
I/O 
Port 2, Pins 7:0 are multipurpose 
bidirectional 
port pins. They are multiplexed 
as 
follows: 
P2.7 with CTSO #, P2.6 with TXDO, P2.5 with RXDq, and P2.4:0 with 


GCS4:0#. 


P3.7:0 
I/O 
Port 3, Pins 7:0 are multipurpose 
bidirectional 
port pins. They are multiplexed 
as 
follows: 
P3.7 with COMCLK, 
P3.6 with PWRDOWN, 
P3.5:2 with INT3:0, and 
P3.1:0 with TMROUT1 :0. 


PWRDOWN 
0 
Powerdown 
indicates 
that the processor 
is in powerdown 
mode. PWRDOWN 
is 


multiplexed 
with P3.6. 


RD# 
0 
Read Enable indicates 
that the current bus cycle is a read cycle. 


READY # 
I/OD 
Ready indicates 
that the current bus transaction 
has completed. 
An external 


device or an internal signal can drive READY #. Internally, 
the chip-select 
wait- 
state logic can generate 
the ready signal and drive the READY # pin active. 
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Symbol 
Type 
Name and Function 


RESET 
ST 
Reset suspends 
any operation 
in progress 
and places the processor 
into a 


known reset state. 


RFSH# 
0 
Refresh 
indicates 
that the current bus cycle is a refresh cycle. 


RI1:0# 
I 
Ring Indicator 
SI01 
and SIOO indicate that the modem or data set has received 


a telephone 
ringing signal. RI1 # is multiplexed 
with SSIORX. and RIO# is 


multiplexed 
with P1.4. 


RTS1:0# 
0 
Request-to-Send 
SI01 
and SIOO indicate that corresponding 
asynchronous 


serial channel 
is ready to exchange 
data with the modem or data set. RTS1 # is 


multiplexed 
with SSIOTX. and RTSO # is multiplexed 
with P1.1. 


RXD1:0 
I 
Receive 
Data SI01 
and SIOO accept s'3rial data from the modem or data set to 
the corresponding 
asynchronous 
serial channel. 
RXD1 is multiplexed 
with DRQ1 , 


and RXDO is multiplexed 
with P2.5. 


SMI# 
ST 
System 
Management 
Interrupt 
invokes System Management 
Mode (SMM). 


SMI # is the highest priority interrupt. 
It is latched on its falling edge and it forces 


the CPU into SMM upon completion 
of the current instruction. 
SMI # is 


recognized 
on an instruction 
boundary 
and at each iteration for repeat string 


instructions. 
SMI # cannot 
interrupt 
LOCKed bus cycles or a currently 
executing 


SMM. If the processor 
receives 
a second SMI # while it is in SMM, it will latch the 


second 
SMI # on the SMI # falling edge. However, 
the processor 
must exit SMM 


by executing 
a Resume instruction 
(RSM) before it can service the second 
SMI #. 


SMI-ACT# 
0 
System 
Management 
Interrupt 
Active indicates 
that the processor 
is operating 


in System Management 
Mode (SMM). It is asserted 
when the processor 
initiates 


an SMM sequence 
and remains assertl3d (low) until the processor 
executes 
the 


Resume 
instruction 
(RSM). 


SRXCLK 
I/O 
SSIO Receive 
Clock synchronizes 
data being accepted 
by the synchronous 


serial port. SSIORX is multiplexed 
with DTR1 #. 


STXCLK 
I/O 
SSIO Transmit 
Clock synchronizes 
data being sent by the synchronous 
serial 


port. STXCLK 
is multiplexed 
with DSR ,IF 1. 


SSIORX 
I 
SSIO Receive 
Serial Data accepts 
serial data (most-significant 
bit first) being 


sent to the synchronous 
serial port. SSIORX is multiplexed 
with RI1 #. 


SSIOTX 
0 
SSIO Transmit 
Serial Data sends serial data (most-significant 
bit first) from the 


synchronous 
serial port. SSIOTX is multiplexed 
with RTS1 #. 


TCK 
I 
JTAG TAP (Test Access 
Port) Controller 
Clock provides 
the clock input for the 


JTAG logic. 


TDI 
I 
JTAG TAP (Test Access 
Port) Controller 
Data Input is the serial input for test 
instructions 
and data. 


Symbol 
Type 
Name and Function 


TOO 
0 
JTAG TAP (Test Access 
Port) Controller 
Data Output is the serial output for 
test instructions 
and data. 


TMRCLK2:0 
I 
Timer/Counter 
Clock Inputs can serve as external 
clock inputs for the 


corresponding 
timer/counters. 
(The timer/counters 
can also be clocked 
internally.) 
TMRCLK2 
is multiplexed 
with PEREQ; TMRCLK1, 
with INT6; and 


TMRCLKO, with INT4. 


TMRGATE2:0 
I 
Timer/Counter 
Gate Inputs can control 
the corresponding 
timer/counter's 


counting 
(enable, disable, or trigger, depending 
on the programmed 
mode). 
(Alternatively, 
a Vcc pin can serve this function.) 
TMRGATE2 
is multiplexed 
with 


BUSY#; 
TMRGATE1, 
with INT?; and TMRGATEO, 
with INT5. 


TMROUT2:0 
0 
Timer/Counter 
Outputs 
provide the output of the corresponding 
timer/ 


counter. 
The form of the output depends 
on the programmed 
mode. TMROUT2 


is multiplexed 
with ERROR #; TMROUT1, 
with P3.1; and TMROUTO, with P3.0. 


TMS 
I 
JTAG TAP (Test Access 
Port) Controller 
Mode Select controls 
the sequence 


of the TAP controller's 
states. 


TRST# 
ST 
JTAG TAP (Test Access 
Port) Controller 
Reset resets the TAP controller 
at 


power-up. 


TXD1:0 
0 
Transmit 
Data SS101/SS100 
transmits 
serial data from the individual 
serial 


channel. 
TXD1 is multiplexed 
with DACK1 and TXDO is multiplexed 
with P2.6. 


UCS# 
0 
Upper Chip Select is activated 
when the address of a memory or I/O bus cycle 
is within the address 
region programmed 
by the user. 


Vcc 
P 
System 
Power provides 
the nominal 
DC supply input. Connected 
externally 
to 


a Vcc board plane. 


Vss 
G 
System 
Ground 
provides the OV connection 
from which all inputs and outputs 


are measured. 
Connected 
externally 
to a ground board plane. 


WDTOUT 
0 
Watchdog 
Timer Output indicates 
that the watchdog 
timer has expired. 


W/R# 
0 
Write/Read 
indicates 
whether 
the current bus cycle is a write cycle or a read 
cycle. When W/R# 
is high, the bus cycle is a write cycle; when W/R# 
is low, 


the bus cycle is a read cycle. 


WR# 
0 
Write Enable indicates 
that the current bus cycle is a write cycle. 


The Intel386 EX microprocessor is a fully static, 32- 
bit processor optimized for embedded applications. 
It features low power and low voltage capabilities, 
integration of many commonly used DOS-type pe- 
ripherals, and a 32-bit programming architecture 
compatible with the large software base of Intel386 
processors. The following sections provide an over- 
view of the integrated peripherals. 


3.1 
Clock Generation 
and Power 
Management 
Unit 


The clock generation circuit includes a divide-by-two 
counter, a programmable divider for generating a 
prescaled clock (PSCLK), a divide-by-three counter 
for generating baud rate clock inputs, a power-save 
clock divider circuit, and Reset circuitry. The CLK2 
input provides the fundamental timing for the chip. It 
is divided by two internally to generate a "50% duty 
cycle Phase1 (PH1) and Phase 2 (PH2) for the core 
and integrated peripherals. For power management, 
separate clocks are routed to the core (PH1C/ 
PH2C) and the peripheral modules (PH1P/PH2P). 


Three Power Management modes are provided for 
flexible power-saving options. During Idle mode, the 
clocks to the CPU core are frozen in a known state 
(PH1C low and PH2C high), while the clocks to the 
peripherals continue to toggle. In Powerdown mode, 
the clocks to both core and peripherals are frozen in 
a known state (PH1C low and PH2C high). The Bus 
Intertace Unit will not honor any DMA, DRAM re- 
fresh, or HOLD requests in Powerdown mode be- 
cause the clocks to the entire device are frozen. In 
Power-save mode, a programmable divider decreas- 
es the frequency of the incoming CLK2 signal. Al- 
lowable clock division settings are 1, 2, 4, 8, 16, 32, 
and 64 (divide-by-1 has no effect). Once Power-save 
is enabled, the core and peripherals continue to run 
at the 
divided clock rate. The prescaled clock 


(PSCLK) and the baud input clock do not change 
frequency in Power-save mode. 


The Chip Select Unit (CSU) decodes bus cycle ad- 
dress and status information and enables the appro- 
priate chip-selects. The individual chip-selects be- 
come valid in the same bus state as the address and 
become inactive when either a new address is se- 
lected or the current bus cycle is complete. 


The CSU is divided into eight separate chip-select 
regions, each of which can enable one of the eight 
chip-select pins. Each chip-select region can be 
mapped into memory or I/O space. A memory- 
mapped chip-select region can start on any 2n Kbyte 
address location (where n = 0-22, depending upon 
the mask register). An I/O-mapped chip-select re- 
gion can start on any 2n word address location 
(where n = 0-15, depending upon the mask regis- 
ter). ThEIsize of the region is also dependent upon 
the mask used. 


The InWI386 EX microprocessor's Interrupt Control 
Unit (ICU) contains two 8259A modules connected 
in a cascade mode. The 8259A modules make up 
the heart of the ICU. These modules are similar to 
the industry-standard 8259A architecture. 


The .Interrupt Control Unit directly supports up to 
eight external (INT7:0) and up to eight internal 
(IR7:0) interrupt request signals. Pending interrupt 
requests are posted in the Interrupt Request Regis- 
ter, which contains one bit for each interrupt request 
signal. When an interrupt request is asserted, the 
corresponding Interrupt Request Register bit is set. 
The 82!59A module can be programmed to recog- 
nize either an active-high level or a positive tran- 
sition on the interrupt request lines. An internal Prior- 
ity Resolver decides which pending interrupt request 
(if mOrel than one exists) is the highest priority, 
based on the programmed operating mode. The Pri- 
ority Resolver controls the single interrupt request 
line to the CPU.The Priority Resolver's default priori- 
ty scheme places IROas the highest priority and IR7 
as the lowest. The priority can be modified through 
software. 


Besides the eight interrupt request inputs available 
to the Intel386 EX microprocessor, additional inter- 
rupts can be supported by cascaded external 8259A 
modules. Up to four external 8259A units can be 
cascaded to the master through connections to the 
INT3:0 pins. In this configuration, the interrupt ac- 
knowledge (INTA#) signal can be decoded exter- 
nally using the ADS#, D/C#, 
R/W#, 
and M/IO# 
signals. 


The Timer/Counter unit on the Intel386 EX micro- 
processor has the same basic functionality as the 
industry-standard 82C54 counter/timer. It provides 
three independent 16-bit counters, each capable of 
handling clock inputs up to 8 MHz. This maximum 
frequency must be considered when programming 
the input clocks for the counters. Six programmable 
timer modes allow the timers to be used as event 
counters, 
elapsed-time 
indicators, programmable 
one-shots, 
and in many other 
applications. 
All 
modes are software programmable. 


3.5 
Watchdog Timer Unit 


The Watchdog Timer (WDT) unit consists of a 32-bit 
down-counter that decrements every PH1P cycle, al- 
lowing 
up 
to 
4.3 
billion 
count 
intervals. 
The 
WDTOUT pin is driven high for sixteen CLK2 cycles 
when the down-counter reaches zero (the WDT 
times out). The WDTOUT signal can be used to re- 
set the chip, to request an interrupt, or to indicate to 
the user that a ready-hang situation has occurred. 
The down-counter can also be updated with a user- 
defined 32-bit reload value under certain conditions. 
Alternatively, the WDT unit can be used as a bus 
monitor or as a general-purpose timer. 


The Intel386 EX microprocessor's asynchronous se- 
rial I/O (SIO) unit is a Universal Asynchronous Re- 
ceiver/ Transmitter (UART). Functionally, it is equiv- 
alent to the National Semiconductor NS16450 and 
INS8250. The Intel386 EX microprocessor contains 
two asynchronous serial channels. 


The SIO unit converts serial data characters re- 
ceived from a peripheral device or modem to parallel 
data and converts parallel data characters received 
from the CPU to serial data. The CPU can read the 
status of the serial port at any time during its opera- 
tion. The status information includes the type and 
condition of the transfer operations being performed 
and any errors (parity, framing, overrun, or break in- 
terrupt). 


Each asynchronous serial channel includes full mo- 
dem control support (CTS#, RTS#, DSR#, DTR#, 
RI#, and DCD#) and is completely programmable. 
The programmable options include character length 
(5, 6, 7, or 8 bits), stop bits (1, 1.5, or 2), and parity 
(even, odd, forced, or none). In addition, it contains a 
programmable baud rate generator capable of DC to 
512 Kbaud. 


3.7 
Synchronous Serial 1/0 Unit 


The Synchronous Serial I/O (SSIO) unit provides for 
simultaneous, bidirectional communications. It con- 
sists of a transmit channel, a receive channel, and a 
dedicated baud rate generator. It is compatible with 
several popular synchronous protocols. The transmit 
and receive channels can be operated independent- 
ly (with different clocks) to provide non-lockstep, full- 
duplex communications; either channel can originate 
the clocking signal (Master Mode) or receive an ex- 
ternally generated clocking signal (Slave Mode). 


The SSIO provides numerous features for ease and 
flexibility of operation. With a maximum clock input 
of 20 MHz to the baud rate generator, the SSIO can 
deliver a baud rate of 5 Mbits per second. Each 
channel is double buffered. The two channels share 
the baud rate generator and a multiply-by-four trans- 
mit and receive clock. The SSIO supports 16-bit seri- 
al 
communications 
with 
independently 
enabled 
transmit and receive functions and gated interrupt 
outputs to the interrupt controller. 


The Intel386 EX microprocessor has three 8-bit, 
general-purpose I/O ports. All port pins are bidirec- 
tional, with CMOS-level input and outputs. All pins 
have both a standard operating mode and a periph- 
eral mode (a multiplexed function), and all have simi- 
lar sets of control registers located in I/O address 
space. Ports 1 and 2 provide 8 mA of drive capabili- 
ty, while port 3 provides 16 mA. 


The Intel386 EX microprocessor's DMA controller is 
a two-channel DMA; each channel operates inde- 
pendently of the other. Within the operation of the 
individual channels, several different data transfer 
modes are available. These modes can be com- 
bined in various configurations to provide a very ver- 
satile DMA controller. Its feature set has enhance- 
ments beyond the 8237 DMA family; however, it can 
be configured such that it can be used in an 8237- 
like mode. Each channel can transfer data between 
any combination of memory and I/O with any combi- 
nation (8 or 16 bits) of data path widths. An internal 
temporary register that can disassemble or assem- 
ble data to or from either an aligned or a nonaligned 
destination or source optimizes bus bandwidth. 


The bus arbiter, a part of the DMA controller, works 
much like the priority resolving circuitry of a DMA. It 
receives service requests from the two DMA chan- 
nels, the external bus master, and the DRAM Re- 
fresh controller. The bus arbiter requests bus owner- 
ship from the core and resolves priority issues 
among all active requests when bus mastership is 
granted. 
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Each DMA channel consists of three major compo- 
nents: the Requestor, the Target, and the Byte 
Count. These components are identified by the con- 
tents (If programmable registers that define the 
memory or I/O device being serviced by the DMA. 
The Requestor is the device that requires and re- 
quests service from the DMA controller. Only the 
Requestor is considered capable of initializing or ter- 
minating a DMA process. The Target is the device 
with which the Requestor wishes to communicate. 
The DMA process considers the Target a slave that 
is incapable of controlling the process. The Byte 
Count dictates the amount of data that must be 
transferred. 


The Refresh Control Unit (RCU) simplifies dynamic 
memory controller design with its integrated address 
and clock counters. Integrating the RCU into the 
processor allows an external DRAM controller to 
use ch p-selects, wait state logic, and status lines. 


The Intel386 EX microprocessor's RCU consists of 
four basicfunctions. First,itprovides a programmable- 
interval timer that keeps track of time. Second, it 
provides the bus arbitration logic to gain control of 
the bus to run refresh cycles. Third, it contains the 
logic to generate row addresses to refresh DRAM 
rows individually. And fourth, it contains the logic to 
signal the start of a refresh cycle. 


Additionally, it contains a 13-bit address counter that 
forms the refresh address, supporting DRAMs with 
up to '13rows of memory cells (13 refresh address 
bits). This includes all practical DRAM sizes for the 
Intel386 microprocessor's 64 Mbyte address space. 
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The JTAG Boundary Scan Unit provides access to 
the device pins and to a number of other testable 
areas on the device. It is fully compliant with the 
IEEE 1149.1 standard and thus interfaces with five 
JTAG-dedicated pins: TRST#, TCK, TMS, TOI, and 
TOO. It contains the Test Access Port (TAP) finite- 
state machine, a 4-bit instruction register, a 32-bit 
identification register, a single-bit bypass register, 
and an 8-bit test mode register. The JTAG unit also 
contains the necessary logic to generate clock and 
control signals for the chains that reside outside the 
JTAG unit itself: the SCANOUT and Boundary Scan 
chains. 


Since the JTAG unit has its own clock and reset 
signals, it can operate autonomously. Thus, while 
the rest of the microprocessor is in Reset or Power- 
down, the JTAG unit can read or write various regis- 
ter chains. This feature can be used, for example, to 
write to the test mode register while the rest of the 
chip is in Reset or Powerdown. Then when the mi- 
croprocessor exits Reset or Powerdown, it will enter 
the specified test mode. 


This section describes the Intel386 EX microproces- 
sor's instruction set and its component and revision 
identifiers. 


The Intel386 EX microprocessor uses the same in- 
struction set as the Intel386 SX microprocessor with 
the following exceptions. 


The Intel386 EX microprocessor has one new in- 
struction (RSM). This Resume instruction causes the 
processor 
to 
exit 
System 
Management 
Mode 


(SMM). RSM requires 338 clocks per instruction 
(CPI). 


The Intel386 EX microprocessor requires more clock 
cycles than the Intel386 SX microprocessor to exe- 
cute some instructions. Table 4 lists the~e instruc- 
tions and the Intel386 EX microprocessor CPI. For 
the equivalent Intel386 SX microprocessor CPI, refer 
to the "Instruction Set Clock Count Summary" table 
in the /nte/386fM 
SX Microprocessor 
data sheet (or- 


der number 240187). 


4.2 
Component 
and Revision 


Identifiers 


To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its OXregister 
after reset. The upper 8 bits of OX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
microprocessor family.) 


The lower 8 bits of OX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 EX microprocessor is 09H. 


Clock Count 


Instruction 
Real Address 
Mode 
Protected 
Virtual 
Virtual 8086 Mode(1) 
or Virtual 8086 Mode 
Address 
Mode(3) 


paPA 
28 
35 


IN: 


Fixed Port 
27 
14 
7/29 
Variable 
Port 
28 
15 
8/29 


OUT: 


Fixed Port 
27 
14 
7/29 
Variable 
Port 
28 
15 
9/29 


INS 
30 
17 
9/32 


OUTS 
31 
18 
10/33 


REP INS 
31 +6n(2) 
17+6n(2) 
10+ 6n/32 + 6n(2) 


REPOUTS 
. 30+8n(2) 
16+8n(2) 
10+ 8n/31 + 8n(2) 


HLT 
7 
7 


MOV CO, reg 
10 
10 


NOTES: 
1. The clock count values in this column apply if I/O permission allows 1/0 to the port in virtual 8086 mode. If the I/O bit 
map denies permission. exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the /nte/386fM 
SX Microprocessor 
data sheet (order number 240187). 


2. n = the number of times repeated. 
3. When two clock counts are listed. the smaller value refers to a register operand and the larger value refers to a memory 
operand. 


NOTICE: 
T is document 
contains 
information 
on 


products in the design phase of development. 
Do not 


finalize a design with this information. 
Revised infor- 


mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These afe stress fatings 
only. Opefation 
beyond 
the 
"Opefating 
Conditions" 
is not fecommended 
and ex- 


tended 
exposufe 
beyond 
the 
"Opefating 
Conditions" 


may affect device feliability. 


Storage Temperature 
- 65·C to + 150·C 


Case Temperature 
Under Bias 
-65·C 
to + 110·C 


Supply Voltage 
with Respect 
to Vss .. - 0.5V to 6.5V 


Voltage 
on Other Pins 
-0.5V 
to Vee + 0.5V 


OPERATING 
CONDITIONS' 


Vee (Digital Supply Voltage) 
2.7V to 5.5V 


TeASE (Case Temperature 
Under Bias) O·C to 100·C 


Fose (Operating 
Frequency) 
..... 
0 MHz to 25 MHz 


Table 5. DC Characteristics 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test 


Condition 


VIL 
Input Low Voltage 
-0.5 
0.3 Vcc 
V 


(for all pins except CLK2, 
RESET, NMI, TRST II, and 
SMIII) 


VIU 
Input Low Voltage 
-0.5 
0.35Vcc 
V 
(CLK2, RESET, NMI, TRSH, 
and SMIII) 


VIH 
Input High Voltage 
0.7 Vee 
Vcc + 0.5 
V 
(for all pins except CLK2, 
RESET, NMI, TRSTII, 
and 
SMIII) 


VIH1 
Input High Voltage 
0.65 Vee 
Vcc + 0.5 
V 
(CLK2, RESET, NMI, TRST II, 
andSMIII) 


VOL 
Output 
Low Voltage 
Vec 
= 4.5V to 5.5V 


All pins except 
Port 3 
0.40 
V 
IOL = 8mA 


Port 3 
0.40 
V 
IOL = 
16 mA 


Vou 
Output 
Low Voltage 
Vee = 2.7Vt03.6V 


All pins except 
Port 3 
0.40 
V 
IOL = 4mA 


Port 3 
0.40 
V 
IOL = 8mA 


VOH 
Output High Voltage 
Vee = 4.5V to 5.5V 


All pins except 
Port 3 
Vee -0.8 
V 
IOH = 
-8mA 


Port 3 
Vcc 
- 
0.8 
V 
IOH= 
-16mA 


VOH1 
Output High Voltage 
Vcc 
= 2.7V to 3.6V 


All pins except 
Port 3 
Vcc 
- 
0.6 
V 
IOH = 
-4mA 


Port 3 
Vcc 
- 
0.6 
V 
IOH = 
-8mA 


• 


,----- 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test 
Condition 


III 
Input Leakage Current 
±15 
Il-A 
o ~ VIN ~ Vee 


ILO 
Output Leakage Current 
±15 
Il-A 
0.45V ~ VOUT~ Vee 


. Ice 
Supply Current 
140 
mA 
16 MHz, 3.0V 
200 
mA 
20 MHz, 3.3V 
420 
mA 
25 MHz, 5.0V 


IIDLE 
Idle Mode Current 
TBD 
mA 


Ipsv 
Power-save Current 
TBD 
Il-A 
divide by 1 clock 
TBD 
Il-A 
divide by 2 clock 
TBD 
Il-A 
divide by 4 clock 
TBD 
Il-A 
divide by 8 clock 
TBD 
Il-A 
divide by 16 clock 
TBD 
Il-A 
divide by 32 clock 
TBD 
Il-A 
divide by 64 clock 


IpD 
Powerdown Current 
TBD 
Il-A 


Cs 
Pin Capacitance (any pin to VSS) 
TBD 
pF 


Table 6 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
Vee/2 level. 
' 


Figure 4 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea- 
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini- 
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct op- 
eration. 


Outputs ADS#, 
W/R#, 
D/C#, 
MI/O#, 
LOCK#, 
BHE#, 
BLE#, 
A25:1, 
HLDA 
and 
SMIJCT# 
change only at the beginning of phase one. 015:0 
(write cycles) change only at the beginning of phase 
two. 


The READY#, HOLD, BUSY#, ERROR#, PEREQ, 
FLT#, A20M# and 015:0 (read cycles) inputs are 
sampled at the beginning of phase one. The NA# , 
INTR, SMI# and NMI inputs are sampled at the be- 
ginning of phase two. 


OUTPUTS 
(A25:1,BHE# 
BLE#,ADS#,M110# 
D/C#W/R#,LOCK# 
HLDA, SMLACT#) 


OUTPUTS 
(015:0) 


INPUTS 
(N/A#,INTR 
NMI,SMI#) 


INPUTS 
(READY#,HOLD 
FLT#,ERROR# 
BUSY#,PEREQ 
D15:0,A20M#) 


LEGEND 
a - Vccl2 
A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
o - Minimum Input Hold Spec 


25 MHz 
20 MHz 
16 MHz 


4.5Vto 
5.5V 
3.0Vto 
3.6V 
2.7Vto 
3.3V 
Teat 
Symbol 
Parameter 
Condltlona(1) 
Mln 
Max 
Mln 
Max 
'''In 
Max 


(n5) 
(n5) 
(n8) 
(n8) 
(na) 
(na) 


Operating 
Frequency 
0 
25 
0 
20 
0 
16 
one-half 
CLK2 frequency 
in 


MHz(2) 


t1 
CLK2 Period 
20 
25 
31 


t2a 
CLK2 High Time 
7 
B 
9 
atVcc/2(3) 


t2b 
CLK2 High Time 
4 
5 
5 
at Vcc 
- 
O.BV for HV, 


at Vcc 
-0.6V 
for LV(3) 


t3a 
CLK2 Low Time 
7 
B 
9 
atVCC/2(3) 


t3b 
CLK2 Low Time 
5 
6 
7 
atO.BV(3) 


t4 
CLK2 Fall Time 
7 
B 
B 
Vcc 
- 
O.BV to O.BV for HV, 


VCC - 
0.6V to O.BV for LV(3) 


t5 
CLK2 Rise Time 
7 
B 
B 
O.BV to Vcc 
- 
O.BV for HV, 


O.BV to VCC - 
0.6V for LV(3) 


t6 
A25:1 Valid Delay 
4 
22 
4 
30 
4 
36 
CL = 50 pF(4) 


t7 
A25:1 Float Delay 
4 
30 
4 
32 
4 
40 
(Note 5) 


NOTES: 
1. Throughout this table, HV refers to devices operating with Vcc 
= 4.5V to 5.5V. LV refers to devices operating with 
Vcc = 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF 'and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILOin magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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25 MHz 
20 MHz 
16 MHz 
4.5Vto 
5.5V 
3.0V to 3.6V 
2.7Vto 
3.3V 
Test 
Symbol 
Parameter 
Condltlons(1) 
Mln 
Max 
Mln 
Max 
Mln 
Max 
(ns) 
(ns) 
(ns) 
(ns) 
(ns) 
(ns) 


t8 
BHE#, 
BLE#, 
LOCK# 
4 
19 
4 
30 
4 
36 
CL = 50 pF(4) 


Valid Delay 


t8a 
SMI-ACT 
# Valid Delay 
4 
19 
4 
26 
4 
33 
CL = 50 pF(4) 


t9 
BHE#, 
BLE#, 
LOCK# 
4 
30 
4 
32 
4 
40 
(Note 5) 


Float Delay 


t10a 
M/IO#, 
D/C# 
4 
19 
4 
28 
4 
33 
CL = 50 pF(4) 


Valid Delay 


t10b 
W/R#, 
RD#, 
WR#, 
4 
19 
4 
16 
4 
33 
CL = 50 pF(4) 


ADS# 
Valid Delay 


t11 
W/R#, 
M/IO#, 
D/C#, 
4 
30 
4 
30 
4 
35 
(Note 5) 
RD#, 
WR#, 
ADS# 
Float Delay 


t12 
D15:0 Write Data 
4 
28 
4 
38 
4 
40 
CL = 50 pF(4) 


Valid Delay 


t13 
D15:0 Write DataD15:0 
Write Data 
4 
22 
4 
27 
4 
35 
(Note 5) 
Float delay 


t14 
HLDA Valid Delay 
·4 
22 
4 
28 
4 
33 
CL = 50 pF(4) 


t15 
NA # Setup Time 
5 
5 
5 


t16 
NA # Hold Time 
3 
12 
21 


t19 
READY # , A20M # 
9 
12 
19 
Setup Time 


t20 
READY # , A20M # 
4 
4 
4 
Hold Time 


NOTES: 
1. Throughout this table, HV refers to devices operating with Vcc 
= 4.5V to 5.5V. LV refers to devices operating with 


Vcc = 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices. the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILOin magnitude. Float delay is not fUllytested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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25 MHz 
20 MHz 
16 MHz 
4.5Vto 
5.5V 
3.0Vto3.6V 
2.7Vto3.3V 
Te8t 
Symbol 
Parameter 
Condltlon8(1) 
Min 
Max 
Mln 
Max 
Min 
Max 
(n8) 
(n8) 
(n8) 
(n8) 
(n8) 
(n8) 


t21 
015:0 
Read Setup 
7 
9 
9 
Time 


t22 
015:0 
Read Hold 
5 
6 
6 
Time 


t23 
HOLD Setup Time 
9 
17 
26 


t24 
HOLD Hold Time 
3 
5 
5 


t25 
RESET Setup Time 
8 
12 
13 


t26 
RESET Hold Time 
3 
4 
4 


t27 
NMI, INTR Setup 
6 
16 
16 
(Note 6) 
Time 


t27a 
SMI II Setup Time 
6 
16 
16 
(Note 6) 


t28 
NMI, INTR Hold 
6 
16 
16 
(Note 6) 
Time 


t28a 
SMI II Hold Time 
6 
16 
16 
(Note 6) 


t29 
PER EO, ERROR II, 
6 
14 
16 
(Note 6) 
BUSYII, 
FLTII 
Setup Time 


t30 
PER EO, ERRORII, 
5 
5 
5 
(Note 6) 
BUSYII, 
FLTII 
Hold Time 


NOTES: 
1. Throughout this table, HV refers to devices operating with Vcc = 4.!5V to 5.5V. LV refers to devices operating with 
Vcc = 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are I/uaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILOin magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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CPU Output 0-----1 


~ 
C 


L 


A = Vcc -.8 for Vcc = 4.5 - 5.5. Vcc -.6 for Vcc = 2.7 - 3.6 
B = Vccl2 
C= .8V 
•• 
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REAOY# 
A20M# 


015:0 
(Input) 


BUSY# 
ERROR# 
PEREa 
FLT# 


INTR 
NMI 
SMI# 


intel~ 


BHE#, BLE# 
LOCK# 
SMI_ACT# 


WIR#, M/IO# 
O/C#, AOS# 


015:0 
(Output) 
•• 


BHE#, BLE# 
LOCK# 


W/R#, 
MlIO# 
D/C#, ADS# 


TI or T1 


PH1 
PH2 


---- - ----_ .. 
(HighZ) 


t11 
Min 
Max 
t10 
Min 
Max 
---- - ------ 
(HighZ) 


t7 
Min 
Max 
te 
Min 
Max 


t13 
Also applies to data float when write 
cycle is followed by read or idle. 
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STATIC Intel386™ SX 
EMBEDDED MICROPROCESSOR 
• Static Intel386TM CPU Core 
• Integrated 
Memory Management Unit 


- 
Low Power Consumption 
(MMU) 
- 
Operating Frequency 
- 
Virtual Memory Support 


25 MHz at 4.5V to 5.5V 
- 
Optional On-Chip Paging 


• Clock Freeze Mode Allows Clock 
- 
4 Levels of Hardware-Enforced 


Stopping at Any Time 
Protection 
- 
MMU Fully Compatible with Those of 
• Full 32-Blt Internal Architecture 
the 80286 and Intel386 DX 


-8-, 
16-, 32-Blt Data Types 
Processors 
- 
8 General Purpose 32-Blt Registers 
• Virtual 8086 Mode Allows Execution of 
• Runs Intel386 Architecture 
Software In 
8086 Software In a Protected and 
a Cost Effective 
16-Blt Hardware 
Pa{led System 
Environment 
- 
Runs Same Applications 
and 
• Large Uniform Address Space 


Operating Systems as the Intel386 
- 
16 Megabyte Physical 


SX and Intel386 DX Processors 
- 
64 Terabyte Virtual 


- 
Object Code Compatible with 8086, 
- 
4 Gigabyte Maximum Segment Size 


80186,80286, and Intel386 
• Numerics Support with Intel387™ SX 


Processors 
and Intel387 SL Math Coprocessors 


• TTL-Compatlble 
Inputs 
• On-Chip Debugging Support Including 


• High Performance 
16-Bit Data Bus 
Breakpoint 
Registers 
• 


- 
25 MHz Clock 
• Complete System Development 


- 
Two-Clock Bus Cycles 
Support 
- 
Address Plpellning Allows Use of 
• High-Speed CHMOS Technology 
Slower, Inexpensive Memories 
• 100-Pin Plastic Quad Flatpack Package 


The Intel386 SX Embedded Microprocessor is a 32-bit, fully static CPU with a 16-bit external data bus and a 
24-bit external address bus. The Intel386 SX CPU brings the vast software library of the Intel386 architecture 
to embedded systems. It provides the performance benefits of 32-bit programming with the cost savings 
associated with 16-bit hardware systems. 
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Barrel 
Shillerl 
Decode 
Adder 
Status 
and 


Multiplyl 
Flags 
Sequencing 


Divide 


Register 
Control 


File 
ROM 
ALU 
Control 
Control 


HOLD,RESET 
INTR, NMI 
ERROR# 
BUSY#,HLDA 


3-lnput 
Adder 


MlIO#, D/C# 
W/R#, 
LOCK# 
ADS#, NA# 
READY# 


MUXI 
Trans- 
ceivers 
Instruction 
Decoder 


Pre'etcherl 


Limit 
Checker 


3-Decoded 
Instruction 
Queue 


16-Byte 
Code 
Queue 


Instruction 
Predecode 
Instruction 
Pr3fetch 


DO 
Vss 
HLDA 
HOLD 
Vss 
NA# 
READY# 
Vee 
Vee 
Vee 
Vss 
Vss 
Vss 
Vss 
CLK2 
ADS# 
BLE# 
A1 
BHE# 
NC 
Vee 
Vss 
MlIO# 
D/C# 
W/R# 


NOTE: 
NC = No Connection 


A20 
A19 
A18 
A17 
Vee 
A16 
Vee 
Vss 
Vss 
A15 
A14 
A13 
Vss 
A12 
A11 
A10 
A9 
A8 
Vee 
A7 
A6 
AS 
A4 
A3 
A2 • 


Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 
Pin 
Symbol 


1 
DO 
26 
LOCK# 
51 
A2 
76 
A21 


2 
VSS 
27 
NC 
52 
A3 
77 
VSS 


3 
HLOA 
28 
FLT# 
53 
A4 
78 
VSS 


4 
HOLD 
29 
NC 
54 
A5 
79 
A22 


5 
VSS 
30 
NC 
55 
A6 
80 
A23 


6 
NA# 
31 
NC 
56 
A7 
81 
015 


7 
REAOY# 
32 
VCC 
57 
VCC 
82 
014 


8 
VCC 
33 
RESET 
58 
A8 
83 
013 


9 
VCC 
34 
BUSY# 
59 
A9 
84 
VCC 


10 
VCC 
35 
VSS 
60 
A10 
85 
VSS 


11 
VSS 
36 
ERROR# 
61 
A11 
86 
012 


12 
VSS 
37 
PEREQ 
62 
A12 
87 
011 


13 
VSS 
38 
NMI 
63 
VSS 
88 
010 


14 
VSS 
39 
VCC 
64 
A13 
89 
09 


15 
CLK2 
40 
INTR 
65 
A14 
90 
08 


16 
AOS# 
41 
VSS 
66 
A15 
91 
VCC 


17 
BLE# 
42 
VCC 
67 
VSS 
92 
07 


18 
A1 
43 
NC 
68 
VSS 
93 
06 


19 
BHE# 
44 
NC 
69 
VCC 
94 
05 


20 
NC 
45 
NC 
70 
A16 
95 
04 


21 
VCC 
46 
NC 
71 
VCC 
96 
03 


22 
VSS 
47 
NC 
72 
A17 
97 
VCC 


23 
M/IO# 
48 
VCC 
73 
A18 
98 
VSS 


24 
O/C# 
49 
VSS 
74 
A19 
99 
02 


25 
W/R# 
50 
VSS 
75 
A20 
100 
01 


Table 
2 lists the Intel386 
SX Microprocessor 
pin descriptions. 
The following 
definitions 
are used in the pin 
descriptions: 


# 
The named signal is active 
low. 


I 
Input signal. 


o 
Output 
signal. 


I/O 
Input and Output 
signal. 


P 
Power pin. 


G 
Ground 
pin. 


Symbol 
Type 
Pin 
Name and Function 


A23:1 
0 
80-79, 
76-72, 
Address 
Bus outputs physical 
memory or port I/O addresses. 


70,66,64, 


62-58, 
56-51, 


18 


ADS# 
0 
16 
Address 
Status indicates 
that the processor 
is driving a valid 


bus-cycle 
definition 
and address onto its pins (W/R#, 
D/C#, 


M/IO#, 
BHE#, 
BLE#, 
and A23:1). 


BHE# 
0 
19 
Byte High Enable indicates 
that the processor 
is transferring 
a 


high data byte. 


BLE# 
0 
17 
Byte Low Enable indicates 
that the processor 
is transferring 
a 


low data byte. 


BUSY# 
I 
34 
Busy indicates 
that the math coprocessor 
is busy. 


CLK2 
I 
15 
CLK2 provides the fundamental 
timing for the device. 


D/C# 
0 
24 
Data/Control 
indicates 
whether 
the current bus cycle is a data 


cycle (memory 
or I/O) or a control cycle (interrupt 


acknowledge, 
halt, or code fetch). When D/C# 
is high, the bus 


cycle is a data cyclo; when D/C# 
is low, the bus cycle is a 


control 
cycle. 


D15:0 
I/O 
81-83,86-90, 
Data Bus inputs data during memory read, I/O read, and 


92-96,99-100, 
interrupt 
acknowledge 
cycles and outputs data during memory 
1 
and I/O write cycles. 


ERROR# 
I 
36 
Error indicates 
that the math coprocessor 
has an error 


condition. 


FLT# 
I 
28 
Float forces all bidirectional 
and output signals, including 


HLDA, to a high-impedance 
state. 


HLDA 
0 
3 
Bus Hold Acknowlledge 
indicates 
that the CPU has 


surrendered 
control 
of its local bus to another 
bus master. 


• 


Symbol 
Type 
PIn 
l'4ame and Function 


HOLD 
I 
4 
Bus Hold Request 
allows another 
bus master to request 


control 
of the local bw,. 


INTR 
I 
40 
Interrupt 
Request 
is ,amaskable 
input that causes the CPU to 


suspend 
execution 
of the current program and then execute 
an 


interrupt 
acknowledge 
cycle. 


LOCK # 
0 
26 
Bus Lock prevents 
other system bus masters from gaining 


control of the system bus while it is active (low). 


M/IO# 
0 
23 
Memory/IO 
indicates 
whether 
the current bus cycle is a 


memory cycle or an input/output 
cycle. When M/IO# 
is high, 


the bus cycle is a memory cycle; when M/IO# 
is low, the bus 


cycle is an I/O cycle. 


NA# 
I 
6 
Next Address 
requests 
address 
pipelining. 


NC 
20,27, 29-31, 
No Connection 
should always be left unconnected. 


43-47 
Connecting 
a NC pin may cause the processor 
to malfunction 
or 


cause your application 
to be incompatible 
with future steppings 


of the device. 


NMI 
I 
38 
Non-Maskable 
InterrlJpt Request 
is a non-maskable 
input that 


causes the CPU to suspend 
execution 
of the current program 


and execute 
an interrupt 
acknowledge 
function. 


PEREa 
I 
37 
Processor 
Extension 
Request 
indicates 
that the math 


coprocessor 
has data to transfer 
to the processor. 


READY# 
I 
7 
Bus Ready indicates 
that the current bus cycle is finished 
and 


the external device is ready to accept more data from the 
processor. 


RESET 
I 
33 
RESET suspends 
any operation 
in progress 
and places the 


processor 
into a known reset state. 


W/R# 
0 
25 
Write/Read 
indicates 
whether 
the current bus cycle is a write 


cycle or a read cycle. When W/R# 
is high, the bus cycle is a 


write cycle; when W/R# 
is low, it is a read cycle. 


Vcc 
P 
8-10,21,32, 
System 
Power provid'3s the nominal 
DC supply input. 


39,42,48, 57, 
69,71,84,91, 


97 


Vss 
G 
2,5,11-14,22 
System 
Ground 
provides the OV connection 
from which all 


35, 41, 49-50, 
inputs and outputs are measured. 
63,67-68, 


77-78, 85, 98 


This section describes the Static Intel386 SX Micro- 
processor's Instruction Set and its component and 
revision identifiers. 


The Static Intel386 SX Microprocessor uses the 
same instruction set as the dynamic Intel386 SX Mi- 
croprocessor. However, the Static Intel386 SX Mi- 
croprocessor requires more clock cycles than the 
dynamic Intel386 SX Microprocessor to execute 
some instructions. Table 3 lists these instructions 
and the Static Intel386 SX Microprocessor CPI. For 
the equivalent dynamic Intel386 SX Microprocessor 
CPI, refer to the "Instruction Set Clock Count Sum- 
mary" table in the /nte/386 
SX Microprocessor 
data 


sheet (order number 240187). 


3.2 
Component and Revision 
Identifiers 


To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its OXregister 
after reset. The upper 8 bits of OX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 Architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
Microprocessor family.) 


The lower 8 bits of OX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Static Intel386 SX Microprocessor is 09H. 


Clock Count 


Instruction 
Real Address 
Mode 
Protected 
Virtual 
Virtual 8086 Mode(l) 
or Virtual 8086 Mode 
Address 
Mode(3) 


POPA 
28 
35 


IN: 


Fixed Port 
27 
14 
7/29 
Variable 
Port 
28 
15 
8/29 


OUT: 
Fixed Port 
27 
14 
7/29 
Variable 
Port 
28 
15 
9/29 


INS 
30 
17 
9/32 


OUTS 
31 
18 
10/33 


REP INS 
31 +6n(2) 
17+6n(2) 
10+ 6n/32 + 6n(2) 


REPOUTS 
30+8n(2) 
16+8n(2) 
10+ 8n/31 + 8n(2) 


HLT 
7 
7 


MOVeO, 
reg 
10 
10 


NOTES: 
1. The clock count values in this column apply if I/O permission allows I/O to the port in virtual 8086 mode. If the I/O bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the /nte/386 
SX Microprocessor 
data sheet (order number 240187). 


2. n = the number of times repeated. 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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NOTICE: 
This 
document 
contains 
information 
on 
products in the design phase of development. 
Do not 
finalize a design with this information. 
Revised infor- 
mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Storage Temperature 
- 65·C to + 150·C 


Case Temperature 
Under Bias 
- 65·C to + 11O·C 


Supply Voltage with Respect 
to Vss .. - 0.5V to 6.5V 


Voltage 
on Other Pins 
-0.5V 
to Vcc 
+ 0.5V 


Digital Supply Voltage 
(Vccl 
.4.5V to 5.5V 


Case Temperature 
Under Bias (TCASE) O·C to 100·C 


Operating 
Frequency 
(Foscl 
..... 
0 MHz to 25 MHz 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test 
Condltlons(1) 


VIL 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.3 
V 


VILC 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 


VIHC 
CLK2 Input High Voltage 
VCC - 
0.8 
VCC + 0.3 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 5 mA 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -1 
mA 
VCC - 
0.5 
V 
IOH = -0.2 
mA 


III 
Input Leakage Current 
±15 
/-LA 
o ~ VIN ~ VCC 


(for all pins except PEREQ, 
BUSY#, 
FLT#, 
ERRO,R#) 


IIH 
Input Leakage Current (PEREQ) 
150 
/-LA 
VIH = 2.4V(2) 


IlL 
Input Leakage 
Current 
-120 
/-LA 
VIL = 0.45V(3) 


(BUSY#, 
FLT#, 
ERROR#) 


ILO 
Output 
Leakage Current 
±15 
/-LA 
0.45V 
~ VOUT ~ VCC 


NOTES: 
1. All values except Icc tested at 25 MHz operating frequency (CLK = 25 MHz, CLK2 = 50 MHz). 
2. PEREa input has an internal weak pull-down resistor. 
3. BUSY#, FLT# and ERROR# inputs each have an internal weak pull-up resistor. 
4. Icc max and ICCFmax measurement at worst-case frequency, Vcc and temperature, with 50 pF output load. 
5. Icc typ and ICCFtyp are measured at nominal VCCand are not fully tested. 
6. Not fully tested. 


• 


Symbol 
Parameter 
Min 
Max 
Unit 
Test 
Condltions(1) 


Icc 
Supply Current 
(Notes 4, 5) 
ClK2 
= 50 MHz, ClK 
= 25 MHz 
280 
mA 
typ = 210 mA 


ICCF 
Standby Current-(Freeze 
Mode) 
TBO 
p.A 
ICCFtyp = 20 p.A(5) 


CIN 
Input Capacitance 
10 
pF 
FC = 1 MHz(6) 


COUT 
Output or I/O Capacitance 
12 
pF 
FC = 1 MHz(6) 


CCLK 
ClK2 
Capacitance 
20 
pF 
Fc = 1 MHz(5) 


NOTES: 
1. All values except Ice tested at 25 MHz operating frequency (CLK = 2:5MHz, CLK2 = 50 MHz). 
2. PEREQ input has an internal weak pull-down resistor. 
3. BUSY4O, FLT# and ERROR# inputs each have an internal weak pull-up resistor. 
4. lec max and lecF max measurement at worst·case frequency, Vcc and temperature, with 50 pF output load. 
5. Icc typ and ICCFtyp are measured at nominal Vcc and are not fully te:,ted. 
6. Not fully tested. 


Table 5 lists output delays, input setup requirements, 
and 
input 
hold 
requirements. 
All AC specifications 
are relative 
to the 
ClK2 
rising 
edge 
crossing 
the 
2.0V level. 


Figure 
3 shows 
the 
measurement 
points 
for 
AC 
specifications. 
Inputs must be driven to the indicated 
voltage 
levels 
when 
AC 
specifications 
are 
mea- 
sured. 
Output 
delays 
are 
specified 
with 
minimum 
and maximum 
limits measured 
as shown. 
The mini- 
mum delay times are hold times provided 
to external 
circuitry. 
Input setup and hold times are specified 
as 


minimums, 
defining 
the 
smallest 
acceptable 
sam- 
pling 
window. 
Within 
the 
sampling 
window, 
a syn- 
chronous 
input signal must be stable for correct 
op- 
eration. 


Outputs 
AOS#, 
W/R#, 
O/C#, 
MI/O#, 
lOCK#, 


BHE#, 
BlE#, 
A23:1, and HlOA 
change 
only at the 
beginni,g 
of phase one. 015:0 
(write cycles) change 
only at the beginning 
of phase two. 


The READY #, HOLD, 
BUSY #, ERROR #, PEREQ, 


Fl T # a.nd 015:0 
(read cycles) inputs are sampled 
at 
the 
be~linning 
of phase 
one. The 
NA#, 
INTR 
and 
NMI inputs 
are sampled 
at the beginning 
of phase 
two. 


OUTPUTS 
(A23: 1,BHE# 
BLE#,AOS#,MI/O# 
O/C#W/R#,LOCK# 
HLOA) 


OUTPUTS 
(015:0) 


INPUTS 
(NlA#,INTR 
NMI) 


INPUTS 
(REAOY#,HOLO 
FLT#,ERROR# 
BUSY#,PEREQ 
015:0) 


LEGEND 
a -1.5V 
b -2V 
A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
o - Minimum Input Hold Spec 


25 MHz 


Symbol 
Parameter 
Test 


Mln 
Max 
Conditions 


(ns) 
(ns) 


Operating 
Frequency 
0 
25 
MHz(l) 


t1 
CLK2 Period 
20 


t2a 
CLK2 High Time 
7 
(Note 2) 


t2b 
CLK2 High Time 
4 
(Note 2) 


t3a 
CLK2 Low Time 
7 
(Note 2) 


t3b 
CLK2 Low Time 
5 
(Note 2) 


t4 
CLK2 Fall Time 
7 
(Note 2) 


t5 
CLK2 Rise Time 
7 
(Note 2) 


t6 
A23:1 Valid Delay 
4 
17 
CL = 50 pF 


t7 
A23:1 Float Delay 
4 
30 
(Note 3) 


t8 
SHE #, SLE #, LOCK # Valid Delay 
4 
17 
CL = 50pF 


t9 
SHE #, SLE #, LOCK # Float Delay 
4 
30 
(Note 3) 


t10 
W/R#, 
M/IO#, 
D/C#, 
ADS# 
4 
17 
CL = 50pF 


Valid Delay 


t11 
W/R#, 
M/IO#, 
D/C#, 
ADS# 
4 
30 
(Note 3) 
Float Delay 


t12 
015:0 Write Data Valid Delay 
7 
23 
CL = 50 pF 


t12a 
015:0 Write Data Hold Time 
2 
CL = 50 pF 


t13 
015:0 Write Data Float delay 
4 
22 
(Note 3) 


t14 
HLDA Valid Delay 
4 
22 
CL= 
50 pF 


t15 
NA # Setup Time 
5 


t16 
NA # Hold Time 
3 


NOTES: 
1. Tested 
at maximum 
operating 
frequency 
and guaranteed 
by design 
characterization 
at lower operating 
frequencies. 


2. These 
are not tested. 
They are guaranteed 
by characterization. 


3. Float condition 
occurs 
when 
maximum 
output 
current 
becomes 
less than ILO in magnitude. 
Float delay is not fully tested. 


4. These 
inputs 
may be asynchronous 
to CLK2. The setup and hold specifications 
are given for testing 
purposes 
to ensure 


recognition 
within 
a specific 
CLK2 
period. 


25 MHz 


Symbol 
Parameter 
Test 
Min 
Max 
Conditions 
(ns) 
(ns) 


t19 
READY # Setup Time 
9 


t20 
READY # Hold Time 
4 


t21 
015:0 
Read Setup Time 
7 


t22 
015:0 
Read Hold Time 
5 


t23 
HOLD Setup Time 
9 


t24 
HOLD Hold Time 
3 


t25 
RESET Setup Time 
8 


t26 
RESET Hold Time 
3 


t27 
NMI, INTR Setup Time 
6 
(Note 4) 


t28 
NMI, INTR Hold Time 
6 
(Note 4) 


t29 
PEREQ, ERROR #, BUSY #, FLT # Setup Time 
6 
(Note 4) 


t30 
PEREQ, ERROR #, BUSY #, FLT # Hold Time 
5 
(Note 4) 


NOTES: 
1. Tested 
at maximum 
operating 
frequency 
and guaranteed 
by design 
characterization 
at lower 
operating 
frequencies. 
4 


2. These 
are not tested. 
They are guaranteed 
by characterization. 


3. Float condition 
occurs 
when 
maximum 
output 
current 
becomes 
less than ILa in magnitude. 
Float delay is not fully tested. 


4. These 
inputs 
may be asynchronous 
to CLK2. The setup 
and hold specifications 
are given for testing 
purposes 
to ensure 
recognition 
within 
a specific 
CLK2 
period. 


A=Vcc-.8 
B= 2.0V 
C=.8V 


015:0 
(Input) 


BUSY# 
ERROR# 
PEREa 
FLT# 


INTR 
NMI 
• 


BHE#,BLE# 
LOCK# 


W/R#. M/IO# 
O/C#. AOS# 


015:0 
(Output) 
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BHE#, BLE# 
LOCK# 


W/R#, M/IO# 
D/C#, ADS# 


TI or T1 


PH1 
PH2 


- ------ 
(HighZ) 


t11 
Min 
Max 
t10 
Min 
Max 
- ------ 
(HighZ) 


t7 
Min 
Max 
l6 
Min 
Max 
- ------ 
(HighZ) 


t13 
Min 
Max 
t12 
Min 
Max 


t13 
Also applies to data float when write 
cycle is followed by read or idle. 
• 


